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BAUSCH & LOMB 


Colour Analyzer all in one. 


In Colorimetry : Readings in optical density or per cent transmission taken direct from the scale, 


In Spectrophotometry : The Certified-Precision Diffraction Grating pin-points absorption measure- 
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LIGHT, COLOUR AND VISION* 
Sm C. V. RAMAN 


UR eyes enable us to perceive the world 

around us, and they are, therefore, amongst 
our most precious possessions. What they 
accomplish is such a familiar experience that 
we cease to be conscious of the remarkable 
nature of the services which they render. I 
propose, in this lecture, firstly, to draw your 
attention to some of the outstanding features 
of our visual powers, and then to recount to 
you how they have been sought to be explained. 
The subject is so extensive in its scope that 
I cannot hope in the course of an hour’s lecture, 
to do more than sketch very briefly, the explo- 
trations that have been made in this field of 
knowledge in past years and continue to be 
made at the present time. 

Surveying the facts of visual experience, we 
may group them under three heads: firstly, 
we may remark upon the enormous range of 
the intensities of light to which the eye can 
adapt i‘self and yet function with comfort. 
From the brightest sunshine to the dim star- 
light of a clear but moon-less night is a step- 


down in intensity by a factor of a hundred | 


million, but one can nevertheless see weli 
enough in either case, to keep to the path on a 
countryside walk. Indeed, the measurements, 
which have been made of the power of the eye 
to detect feeble light have shown that for very 
brief exposures, the human eye is several 
thousand times more sensitive than the fastest 
photographic emulsions so far produced. 
Secondly, we may remark upon the power of 
our eyes to adjust themselves for viewing 
Objects which are either far or near, upon their 
power to judge the form and distance of the 
Objects appearing in the field of vision, and to 
estimate their positions relatively to each other, 
as also to detect their movements. Then again, 
when attention is fixed on any limited area in 
the visual field, our eyes can perceive and 
recognize very fine details. Thirdly, we may 
remark upon the ability of our eyes to recog- 
nize and distinguish the characters of an illu- 
minated object which may be _ described 
Tespective’y as its brightness, its hue or colour, 
and the degree of saturation or purity of that 
colour. If all these three attributes are taken 
simultaneously into consideration, the number 


* Gandhi Memorial Lecture delivered onFriday, the 
2nd ‘October 1959, at the Raman Research™Institute, 


Bangalore. 


of possibilities between which our eyes can 
discriminate is extremely large. 

The incidence of light from external objects 
on our eyes and our perception of these objects 
are the two ends of a connected set of processes : 
firstly, the functioning of the eye as an uptical 
instrument which forms images of external 
objects on the retina; secondly the functioning 
of the retina as a receptor of radiant energy; 
thirdly, the transmission of the messages origi- 
nating at the structures of the retina to the 
visual centres in the brain, and finally the 
integration of the messages received from the 
retine of both the eyes into a visual picture 
exhibiting various characteristic features, viz., 
form, depth, detail, brightness, colour, and 
movement. The importance of the role which 
binocularity plays in the phenomena of vision 
needs to be strested. It is very strikingly 
illustrated by the known facts of colour vision ; 
when a picture of an objec: printed in comp!e- 
mentary colours in stereoscopically di:placed 
positions is viewed through comp'ementary 
filters placed before the two eyes, one perceives 
a single picture in relief, but exhibiting no 
colour whatever. 


2. THE EYE AS AN OPTICAL INSTRUMENT 


Leonardo da Vinci was the first to propose 
a rational theory of the functioning of the eye. 
He compared it with that of the camera obscura 
and assumed that an image rendered sharp by 
the lens was formed on the internal cavi'y of 
the eye. Indeed, it is the case that the eye 
is built in several re*pects like a pho‘ographic 
camera. It is approximately spherical in shape, 
and is covered by a fibrous tunic which is 
white and opaque for the most part. but has 
a transparent protuberance in front which is 
of greater convexi'y than the re:t. These two 
parts of the eye are known respectively as 
the sclera and the cornea. The darkening cf 
the interior necessary in a camera is secured 
by the presence of the chorioid coat which is 
a membrane iraversed by numerous b’ood 
vessels and abundantly pigmented. The 
chorioid clings closely to the sclera and absorbs 
the unwanted rays. Against the inner surface 
of the chorioid coat lies the part of the retina 
which is sensitive to light. A further analogy 
with a camera is provided by the eyelids, which, 
acting like a shutier, can be closed to exclude 
light. Likewise, when light is admitted, it is 


| 


regulated in amount by the variation of the 
size of the pupil which corresponds to the 
variable aperture of a photographic camera. 

The interior of the eye is not empty, but is 
filed with transparent media known as the 
aqueous humour and the vitreous body which 
fill respectively the front and the back of the 
cavity. Their refractive indices (1-336) differ 
very little from that of pure water. Behind the 
iris lies the lens of the eye. Both of its surfaces 
are convex, the front less so than the rear. 
The refractive index of the lens varies from 
the centre to the periphery ; its effective value 
is 1-42. Since however, the lens is immersed 
in a medium of which the index is 1-336, its 
converging action on the light is greatly reduced 
thereby, and only supplements that produced 
by the front surface of the cornea. The princi- 
pal function of the lens is to’ enable the eye 
to accommodate itself for near or distant vision 
as required. This is brought about by the 
action of the ciliary muscles on the capsule 
which is an elastic membrane completely en- 
closing the lens; the force thus exerted on the 
material of the lens enables the curvature of 
its front surface to be increased for near vision 
as compared with the normal state of the eye 
when viewing distant objects. 


The shape of the eye-ball is maintained by” 


the action of what is known as the intra-ocular 
pressure, viz., the hydrostatic pressure of the 
fluid filling the cavity of the eye. Fresh fluid 
is continually added to the aqueous humour 
and is continually drained away from it into 
the blood stream by a complex arrangement 
which is so regulated that the pressure of the 
fluid within the eye remains roughly constant. 
Since, as already remarked, the external surface 
of the cornea plays the leading role in the 
work of the eye as an optical instrument, 
it is not surprising to find that provision exists 
for protecting the corneal surface and main- 
taining it in good condition. This, indeed, is 
the function of the eyelids and the lacrimal 
apparatus. The periodic blinking of the eyes 
serves the purpose of cleaning and wetting the 
cornea. 

The effective functioning of our eyes is to a 
very great extent dependent upon certain 
accessory structures associated with them. The 
eye-ball is located within the cavity known as 
the orbit and its movements are controlled by 
three pairs of muscles which enable the eye to 
be directed towards any particular object in 
the field of vision. The construction of the 
eye makes it possible to have a very large 
angular field of vision. This, for each eye 


Light, Colour 
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separately, is about 160° laterally and 129° 
vertically, and for both eyes together, so 


. what more than two right angles from left t 


right. It is, of course, not to be expected that 
the image of external objects formed on the 
surface of the retina would everywhere b 
sharply focussed. Indeed it is only over 
very small fraction of the whole field of vi 
that the image on the retina is well defined 
and sharp. When we direct our eyes towards 
an object, we make use of this well-defined 
part, which, as we shall see presently, falls on 
the region of the retina which is best equipped 
for the discrimination of fine detail in the 
image. 

A question of some interest is the reason why 
the effects of chromatic aberration on our vision 
are scarcely noticeable in normal circumstances, 
The explanation is that the refractive media 
of the eye have very small dispersive powers 
Further, the sensitivity of the eye to radiation 
exhibits a maximum spread over a narrow 
region of the visible spectrum. This circum. 
stance would tend to minimise any visible 
manifestations of chromatic aberration. They 
can however be observed when a small, bright 
source of light is viewed through a colouw 
filter which transmits only the two ends of the 
visible spectrum, viz., red and violet respectively. 


3. THE STRUCTURE OF THE RETINA 


The retina is a delicate membrane which is 
specially adapted for the reception of light 
stimuli. In the fresh state it is soft, translucent, 
and of a purple tint, owing to the presence of 
a colouring material named rhodopsin or visual 
purple. Near the centre of the retina ther 
is an oval yellowish area, named the macuk 
lutea where the visual sense is most perfect 
This shows a central depression which is termed 
the fovea centralis, where the retina is exceed- 
ingly thin, some of its layers having practically 
disappeared, and the dark colour of the chorioid 
is distinctly seen through it. About three milli- 
metres to the nasal side of the macula lutea, 
the optic nerve pierces the retina at the optic 
disc which has a diameter of about 1-5 milli- 
metres. The centre of the disc is pierced by 
the central artery and the vein of the retina 
The optic disc is insensitive to light and is 
termed as the blind spot. 

The retina itself consists of several layers of 
cells. The first is the pigmented epithelium 
which is firmly joined to the inner surface of 
the chorioid coat. Next comes the retina proper 


or the visual layer containing the receptor cells 
and their nuclei. The receptors are recognized 
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as being of two kinds known respectively as 
the rods and the cones. They both consist of 
elongated cells which point towards the chorioid 
coat, and the light entering the eye has accord- 
ingly to pass through the remainder of the 
retina to reach them. The impulses originating 
at the visual layer are then transmitted to the 
optic nerve through the outer layers termed 
collectively as the bipolar and ganglionic layers. 
The outermost layer of the retina in contact 
with the vitreous body is the stratum opticum. 
It consists of the nerve fibres formed by the 
expansion of the optic nerve over the surface 
of the retina. They are connected with the 
visual cells through the bipolar and the gang- 
lionic layers. The human retina contains some 
six million cones and over a hundred million 
rods, whereas the optic nerve contains only 
some 8,00,000 nerve fibres. It follows that 
some tens and sometimes even hundreds of 
receptor cells must be connected to a single 
ganglion cell by way of the bipolars. An 
exception, however, appears to exist in respect 
of the fovea centralis. Here there are no rods 
and the cones are longer and thinner than in 
the other parts of the retina. Each cone in 
this area is connected separately by way of a 
monosynaptic bipolar to an individual ganglion 
cell and this enables it by means of the corres- 
ponding fibre of the optic nerve (which is 
simply the axon of the ganglion cell) to act 
individually at the cortical centre. It is in this 
manner that the high degree of visual acuity or 
power of discrimination possessed by the central 
area of the retina has been explained. 
4. THe DUALITY OF THE VISUAL PROCESS 


When a person quits the sunshine out of 
doors and enters a dark room, he can see 
nothing at first. His eyes then slowly adapt 
themselves to darkness, and in about half an 
hour, he becomes fully sensitive to the faint 
illumination present and can distinguish the 
various objects around. Conversely, when a 
person who has been long in darkness comes 
out into the light, the reverse process of adap- 
tation to a high level of illumination takes 
place, but this is a much quicker process. 
These and other well-established facts indicate 
that the human eye possesses two retinz inter- 
laced with each other. One is a day-retina, 
which has a low sensitivity to light, can per- 
ceive differences in colour, and possesses (at 
least in its central regions) a high degree of 
visual acuity. The other is a _ night-retina 
which has a high sensitivity to light, but lacks 
appreciation of differences in colour and exhi- 
bits a very low visual acuity. So striking are 
these differences that it is found convenient to 
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give the name of photopic vision to the function 
of the day-retina and scotopic vision to that 
of the night-retina. | 

As remarked above, the sensitivity of the eye 
to light differs enormously in photopic and 
scotopic vision. Its variation with wavelength 
over the visible spectrum has been investigated 
for both types of vision. A pronounced maxi- 
mum somewhere in the middle of the spectrum 
is exhibited in both cases. But the positions 
of this maximum differ notably, being 557 mu 
for photopic and 510ms for scotopic vision. 
If the two curves of spectral sensitivity are 
drawn in such manner that the ordinates of 
the maximum are the same in both, the photopic 
curve lies well above the scotopic in the red, 
orange, and yellow regions of the spectrum 
and well below it in the blue and violet regions. 
This difference is responsible for the well-known 
and easily observed Purkinje phenomenon which 
may be stated briefly thus: the relative bright- 
ness of two objects, coloured red and blue res- 
pectively, changes in a most striking fashion 
when the light which illuminates them falls off 
from a high to a low intensity. 

It is reasonable to ascribe photopic vision to 
the activity of the cones in the retina as recep- 
tors of light, while scotopic vision represents 
the functioning of the rods. The characteristic 
differences between the two types of vision in 
respect of sensitivity and acuity can be ex- 
plained on this basis. As already stated, the 
rods in the retina are far more numerous than 
the cones and their number is enormously 
larger than the number of separate nerve 
fibres connecting the retina with the cerebral 
centre. Rod vision, therefore, arises from the 
co-operative effect of a great many of them 
functioning together and this would, at least 
in part, explain its characteristic features. The 
absence of rods in the foveal region of the 
retina and their presence elsewhere would indi- 
cate that sources of light which are too faint 
to be seen when viewed directly would be 
visible in averted vision. This, indeed, is a 
fact of observation, as for example when faint 
groups of stars are looked for at night in the 


sky. 
5. THe PHENOMENA OF COLOUR VISION 


Colour plays such an important role in so 
many different types of human activity that 
it has naturally been the subject of intensive 
investigations from many different points of 
view. The sensations produced by coloured light 
may be described as presenting three distinct 
subjective characters, viz., brightness, hue or 
colour proper, and the degree of saturation 
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or purity of the colour. The pure colours 
we are acquainted with are the colours exhi- 
bited by a well-resolved spectrum. These range 
from red to violet but the eye can distinguish 
a great many different colours between these 
extremes. The question naturally arises how 
the colours we meet with in nature or can be 
artificially produced, are related to the pure 
spectral colours. 

We may begin by stating a few well-estab- 
lished facts of observation. By superposing 
appropriate amounts of a pure spectral red, 
say 700mz and a pure spectral green, say 
546 mz, it is possible to reproduce any other 
colour appearing in the spectrum within this 
range of wavelengths. Then again, for any given 
spectral colour lying in the region between the 
red and the yellow, it is possible to choose a 
corresponding spectral colour lying in the range 
between greenish-blue and violet so that appro- 
priate amounts of the two when superposed 
would result in a pure white. On the other 
hand, it is not possible to find a spectral colour 
complementary to radiations in the green region 
of the spectrum. Then again, by the super- 
position of spectral colours lying respectively at 
the red and violet ends of the spectrum, a 
series of colours are produced which are not 
observable in a pure spectrum, viz., the purples. 

Finally, it may be remarked that by mixing 
three selected spectral colours in definite pro- 
portions, we may match any desired colour 
sensation. This is the fundamental law of 
colour vision which has however to be under- 
siood in a special sense, viz., that in certain 
cases the addition is to be replaced by a sub- 
traction. Why this is so can be readily under- 
stood if we represent the three selected spec- 
tral colours by the vertices of a triangle and the 
colours obtained by superposing them by points 
inside the triangle. Taking the three selected 
spectral colours to be 700mz (red), 546 mz 
(green), and 436 mz (blue), pure white would 
correspond to a point at the centre of the tri- 
angle, while other colours drift away from the 
centre in a direction represented by the domi- 
nant hue and to an extent which expresses its 
purity or ‘saturation. But colours. closely 
approximating in purity to the colours lying 
between the green and violet in the spectrum 
would lie outside such a triangle. Hence one 
would have to add to the colour under study 
a suitable amount of its complementary and 
thereby diminish the saturation or purity of 
the resultant to make it the same as the mix- 
ture of two colours compared with it. 
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The foregoing statements refer to the facts 
of colour vision as normally observed. Ano- 
malies of colour vision are however exhibited 
by certain individuals, and these have been 
very thoroughly investigated by reason of their 
interest in relation to theories of colour vision, 
Persons whose colour vision is anomalous may 
be classified into three groups, viz., anomalous 
trichromats, dichromats, and monochromats, 
Anomalous trichromats are those who need, in 
general, three component siimuli to match any 
given colour, but their proportions are different 
from those for normal observers. Dichromats 
are those who require only two component 
stimuli ; while monochromats are subjects who 
see only variations of brightness and are unable 
to recognize any colour. 

6. PHOTOCHEMISTRY OF THE RETINA 


The principal characteristic of the reaction 
of the retina to light is its extreme selectivi‘y 
as regards wavelength. In view of this, the 
only reasonable explanation of the sensitivity 
of the retina to light that has been proposed 
is one based upon the photochemical action of 
light. In other words, light is absorbed by a 
coloured substance associated with the receptor 
cells and induces a change in the substance; 
this in its turn sets up or gives rise to an electri- 
cal displacement or potential which is taken 
up and transmitted by the nerves as an impulse 
to the cortical centre. For such a theory to b2 
sustainable, the photosensitive substance has to 
satisfy a number of requirements. It must be 
stable in the dark and after being altered or 
destroyed by light should be capable of being 
regenerated so that the receptor could continue 
to be light-sensitive. 

As mentioned earlier, the retina in the fresh 
state exhibits a purple tint. But when exposed 
to light it becomes clouded, opaque, and bleached. 
Thus it is natural to assume that the colouring 
matter present in the fresh retina known as 
rhodopsin or visual purple is the photosensitive 
substance which enables the transforma‘ion of 
light into some other form of energy capable 
of acting directly on the nerves. A subsiantial 
proof of the correctness of this view came to 
hand when the light-absorp‘ion curve of human 
visual purple was de‘ermined and its resem- 
blance to the scotopic curve of luminous effici- 
ency in the spectrum was revealed. In other 
words, rhodopsin or the visual purple is indi- 
cated as the agent responsible for the activity 
of the rods in the retina as receptors of light 
radiation. The loss of the sensi-ivity of the 
eye to weak illumination in bright daylight and 
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its restoration when the subject remains in the 
dark for long periods is explained on the basis 
that the exposure to strong light bleaches out 
the rhodopsin and that this is regenerated in 
darkness after a sufficient period of time. 
Quite naturally, therefore, one is led to 
suppose thai the sensitivity of the cones in the 
retina also arises from the presence of other 
photosensitive pigments in them. Experimental 
evidence supporting this view has been adducea 
by W. H. Rushton in a recent remarkable 
inves\igation. He has developed a technique 
for measuring the pigment present in the fovea 
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by analyzing the light reflected from it and 
observed in an ophthalmascope. Observations 
were made by him with normal trichromatic 
individuals and as also with a dichromat who 
was rather insensitive to red light. It was 
found that the fovea on exposure to bright 
light bleaches and darkens again during the 
next few minutes. Evidence is forthcoming 
from the observations that the normal fovea 
contains two visual pigments, one of which is 
green-sensitive and the other is red-sensitive ; 
the former alone was found to be present in 
the fovea of the dichromat. 


PHOTOGRAPHS OF THE MOON’S HIDDEN SIDE FROM LUNIK III 


-_ first pictures of the hidden side of the 
moon taken by the Russian Automatic 
Interplanetary Station and transmitted to earth 
were released for publication on October 26, 
1959. The photographs were taken with a two- 
unit camera, each unit of which had a different 
optical system enabling simultaneous pictures 
to be taken on two different scales. One camera 


wi:h its lens of 200mm, focal length gave an 
overall picture of the moon, while the other with 
the 500mm. focal length lens gave a more 
detailed picture of a part of the lunar disc. 


The position of objects on the side of the Moon invisi- 
ble from the Earth obtained after the preliminary develop- 
ment of the photographs received from aboard the auto- 
matic interplanetary station: 1. Large crater sea with a 
diameter ot 300 kilometres—the Sea of Moscow; 2. Bay 
of Astronauts in the Sea of Moscow; 3. Continuation of 
Mare Australe on the reverse side of the Moon; 4. Cra- 
ter with central peak—Tsiolkovsky; 5, Crater with cen- 
tral peak—Lomonosov; 6. Crater Joliot-Curie; 


4 


Sovietsky Mountain Range; 8. Sea of Dreams. The un- 
broken line running across the picture is the lunar eqaator. 
The line of dashes shows the border between the parts of 
the Moon visible and invisible from the Earth. The details 
establi-hed with certainty after the preliminary development 
of the photographs are surrounded by an unbroken line. 
The lines of dashes around various spots show that their 
shape needs to be ascertained. Dots around objects show 
that their classification is being determined. As regards 
the remainder, the treatment of the photographic material 
is being continued. Koman figures indicate detailes on 
the visible part of the Moon: I—Mare Humboldtianum; 
Il--Mare Crisium ; I1I—Mare Marginis, with a continua- 
tion on the invisible part of the Moon; 1V—Mare Unda- 
rum; WV—Mare Smythii, with a continuation on the 
invisible side of the Moon; VI—Mare Fecunditatis: 
Vil—Mare Australe, with a continuation on,the invisible 
side of the Moon. 


The photographing was done on a special 35 mm. 
film, and automatic developing and processing 
of the exposed part of the film went on while 
photographs were still being taken. In fact 
the clicking of the camera and later trans- 
mission of the picture marked the beginning 
and end of a cycle of operations automatically 
controlled by a system of electronic and electro- 
mechanical devices contained within the satel- 
lite. The photographs were transmitted to 
earth by television but at a much slower rate 
than that used in conventional TV. The recep- 
tion of the television signals from the satellite’s 
tele-transmitter whose emission power was only 
a hundred millionth part that of an ordinary 
TV set, was picked up by specially sensitive 
receivers with the aid of very big aerials. 
According to the planned programme the 
photographic apparatus was switched on aboard 
Lunik III at 6hr.-30 min. (Moscow Time) on 
October 7 (the satellite was launched on October 
4, 1959). The taking of the pictures was timed 
so that the satellite on its orbit should 
be between the moon and the sun which lit 
about 70% of the unseen side of the moon. At 
the time the satellite was at a distance of 
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60,000—70,000 km. from the moon, and about 
470,000 km. away from the earth. The photo- 
graphing continued for about 40 minutes. The 
special orientation system which included optical 
and gyroscopic pick-ups, logistic electronic 
devices and control machines, insured the 
orientation of the satellite with regard to the 
sun and the moon necessary for photographing 
the invisible side. 

The first published photograph of the moon’s 
circular disc shows about three-fourths of the 
hidden side and about one-four.h of the seen 
side with features already known to man. 
The latter enables one to piece together the 
hitherto unseen lunar objects and those already 
known, and thereby to determine their seleno- 
graphic co-ordinates. It is now possible to deter- 
mine the true form of several known lunar for- 
mations, specifically the Southern Sea, whose 
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considerable portion is located on the other side 
of the moon. The photographs show that 
mountainous areas occupy most of the moon’s 
reverse side and there are very few seas of 
the kind seen on the side facing the earth, 
There is a mountain range stretching over 
2,000 km. to the south-southeast of the Hum- 
boldt Sea. It crosses the equator and continues 
into the southern hemisphere. Beyond the 
mountain range is an extensive mainland with 
a heightened reflective capacity. There is a 
crater sea about 300km. in diame‘er between 
20 and 30° latitude North and 140 and 160° 
longitude West. This has been named the 
“Sea of Moscow”. The bay in the southern 
part of this sea has been called the 
“Bay of Astronauts”. Other craters clearly. 
discernible in the photograph have been named 
“Tsiolkovsky”, “Lomonosov” and “Joliot -Curie”, 


‘SOLAR ORIGIN.OF THE OUTER ZONE OF TRAPPED RADIATION 


XPERIMENTS with three space rockets, 

viz., Pioneer III, the first Russian cosmic 
rocket and Pioneer IV, which were launched on 
different dates inside of three months, have 
provided confirmatory evidence for the solar 
origin of (at least) the outer zone of the trapped 
radiation surrounding the earth (see Curr. Sci., 
1959, 28, 229). The two U.S. deep-space probes 
Pioneer III and Pioneer IV were launched on 
December 6, 1958, and March 3, 1959, respec- 
tively, while the Russian cosmic rocket was 
launched on January 2, 1959. The Pioneer pro- 
grammes were conducted under the same space 
investigation project so that the scientific equip- 
men:s for collection and transmission of data in 
the payloads of the two probes were practically 
identical. Hence from a comparison of the two 
sets of observations fairly reliable conclusions 
could be drawn, especially regarding temporai 
changes in the trapped zones (see Nature, 1959, 
184, 219). 

One striking fact that has emerged from this 
comparison is that the intensity of the trapped 
radiation in the outer zone was enormously 
greater on March 3, 1959, than on December 6, 
1958 ; at the same time the region of maximum 
intensity had extended some 15,000 km. farther 
out. Thus at distances from the centre of the 
earth of 40,000, 45,000 and 50,000km., the 
counting rates of the two respective Anton 302 
Geiger tubes (with tested identical characteris- 


tics) were 55, 20 and 8 with Pioneer III, as 
against 16,000, 2,400 and 230 respectively, with 
Pioneer IV. The region of maximum intensity 
was 20,000-25,000km. with Pioneer III, while 
it was 32,000-42,000 km. with Pioneer IV. It ‘is 
io be noted that the observations with the 
Russian cosmic rocket showed that the general 
character of the outer zone was much the same 
on January 2, 1959 as it was on December 6-7, 
1958. 

Geophysical observations showed that there 
was a magnetic storm on February 25 and that 
there were aurore of strong intensity on Febru- 
ary 25-28 and on March 1. A special study of 
these phenomena revealed that there were at 
least three sequences of geophysical events 
starting on February 25, March 26, and April 23 
respectively, which were due to intense M- 
region activity in the Sun. It is very significant 


‘that the launching of Pioneer IV was preceded 


by days of geophysical disturbances, whereas 
Pioneer III and the Russian cosmic rocket were 
launched during quiet geophysical periods. 

These facts suggest that the large temporal! 
differences shown by the Pioneer observations 
are due to changes that had taken place in the 
outer zone following strong corpuscular emission 
from the Sun. Pioneer IV has thus provided 
direct evidence for the solar origin of the outer 
radiation zone. 
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HIGH ENERGY PHYSICS 


B. M. UDGAONKAR 
Atomic Energy Establishment, Trombay, Bombay 


Ninth Annual International Conference 
on High Energy Physics was held in Kiev 
from 15th to 25th July 1959, under the sponsor- 
ship of the International Union of Pure and 
Applied Physics. This was the first time it was 
being held in the USSR after the decision taken 
two years ago to hold it in Rochester, Geneva 
and USSR in successive years. About 350 
scientists from 30 countries including India 
participated. Of these about 150 were from 
USSR. The division of sessions followed almost 
the same pattern as the last year’s conference 
at CERN.* A separate session was however 
allotted to nuclear interactions at super-high— 
cosmic ray—energies. The rapporteur system 
introduced in the 1958 conference was employed, 
but not too successfully. 

The field of nucieon structure and electro- 
magnetic interaction was reviewed by R. 
Hofstadter, L. I. Schiff and W. K. H. Panofsky. 
The general picture with regard to the charge 
and magnetic moment distribution of the nucleon 
and the limits of validity of quantum electro- 
dynamics has not changed much during the 
course of the last year, although the accuracy 
of much of the data has.improved and some new 
ideas have emerged. Mention must be made 
of an experiment that is in an advanced design 
stage at Stanford, and will be attempted next 
year. In this experiment, two electron beams, 
each of 500 Mev, will be stored in separate 
magnetic storage rings and made to collide, thus 
providing data on electron-electron interaction, 
and thereby on the validity of quantum 
electro-dynamics, at much shorter distances 
(~ 0-04 x 10-13cm.) than has been possible so 
far. 

In the sessions on pions and nucleons, one saw 
a significant improvement in phase-shiit 
analysis of *—N scattering up to ~ 400 Mev. 
D-wave interaction in the T=3/2 state has 
been established by polarization experiments 
at ~310Mev. The problem of Puppi-Stang- 
hellini does not exist any more, in the sense 
that there is no more any indication--of a 
serious discrepancy between the +N scatter- 
ing data and dispersion relations. The discre- 
pancies at very low energies- have disappeared 
too, mainly as a result of the remarks of Cini 
et al. regarding the uncertainties in the extra- 


* See Current Science, 1958, 27, 294;-for a review 
of the 1958 Conference, held at CERN, Geneva. 


polation of the experimental data to zero energy. 
There is therefore no longer any need for 
Baldin’s 7)° meson, which was invented just 
to explain these discrepancies. There were, 
however, several attempts to detect this 
™, meson, as also the heavier p° meson of 
Schwinger, which were reported at this con- 
ference. All of them were unsuccessful, so 
that one can definitely say that 7,° does not 
exist; but more experiments are needed to 
rule out p°, and these are continuing. 


Pontecorvo reported several attempts to 
improve the accuracy of our knowledge regard- 
ing the validity of the charge independence 
hypothesis in phenomena involving non-strange 
particles. However, even now it seems rather 
difficult to make a quantitative statement on the 
degree of possible deviations from charge inde- 
pendence. It is just that the experimental data 
are not yet sufficienily accurate for this purpose, 
and one can only say that the various predicted 
equalities or inequalities connecting different 
cross-sections are satisfied to within 10-15%. 
Therefore, the only violation of charge inde- 
pendence which has been’ experimentally 
proved is the well-known “trivial” experimental 
fact that the different members of a charge 
multiple: do have slightly different masses. 
There is no contradiction with charge inde- 
pendence in phenomena involving the strange 
particles too. There is also no evidence for 
the violation of parity in strong interactions. 

The prediction made at the 1958 conference 
by R. R. Wilson on the basis of’ photo-production 
experiments, that there must be two more 
resonances in the *—P total cross-section in 
addition to the well-known one at ~ 190 Mev, 
has been confirmed experimentally. Both 
these resonances are in the T= % state, since 
they occur for but not for The 
first of these, at ~650Mev, is probably 
characterized by J=3/2-. The second one at 
~ 950 Mev is less tinderstood, though there 
are arguments in favour of its being in the 
J=5/2- state. 

_-‘There has been a considerable revival of 
interest in the pion-pion interaction. On the 
one hand, it has become apparent that further 
theoretical progress in the understanding of the 
pion-nucleon interaction requires a prior under- 
standing of the *— 7 interaction. On the other, 
there are several experimental indications that 
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= —* interaction has to be taken into account 
in the analysis of *—N data above the 3-3 
resonance. Thus the cross-sections for + N— 
are “large” in the energy region 
near threshold in the sense that they consider- 
ably exceed the values calculaied from the 
static model of Chew and Low. Rodberg has 
analyzed some of these data and geis a good 
fit on the assumption that the “large” cross- 
section for pion produc.ion by pions near 
threshold is mainly due to *—~7 interaction, 
i.e., to the interaction of the incident * with a 
“cloud” pion, the contribution of such an inter- 
action being esiimated by the impulse approxi- 
mation. Whether these “large” cross-sections 
are definitely due to *—*7 interaction or not, 
is too early to say. But it is clear that investi- 
gations in this threshold region are very pro- 
mising from the point of view of geiting 
information on the *—~7 interaciion. At very 
high energies (>1 Bev) too, one seems to 
need *—v7 interaction for the analysis of the 
data, as discussed by Veksler. Previous theo- 
retical work on this problem was greatly handi- 
capped by the lack of a framework in which 
to make plausible approximations. The double 
dispersion relation; of Mandelstam have, how- 
ever, now provided this framework, and Chew 
and Mandelsiam have been studying the *—7 
interaction by this approach. If the ™—7 
interac‘ion is so important as it now seems to 
be, one wonders if the previous success of the 
fixed source theory of Chew and Low, which 
did not take this interaction into account, was 
not fortuitous. 

There has been considerable interest in 
recent years in the dispersion § relations 
approach to the solution of the difficulties facing 
quan‘um field theories of strongly interacting 
systems. The dispersion relations are relations 
between the real parts and the imaginary parts 
of scattering amplitudes, and are obtained from 
the analytical properties of the sca:tering 
amplitudes, when the energy and angle variables 
are extended into the complex plane. Some 
important advances have been made recently 
in this field, starting with the so-called double 
dispersion relations conjectured last year by 
Mandelstam. These were reporied by Chew. 

Coming to the strange particles, and the 
experimental techniques used in their study, 
one may say that bubble chambers have now 
come into their own. There were data from 
a variety of bubble chambers—liquid hydro- 
gen, propane, xenon, freon, methyl iodide 
loaded propane, etc. One also saw that a 


higher degree of automatization is going into 
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the scanning and analysis of bubble chamber 
pictures. Alvarez referred to the computer 
device used at Berkeley, which does a complete 
least squares fitting of kinematic constraints 
to complicated interactions of strange particles 
in hydrogen and deuterium, in about fou 
seconds per event. The 72” hydrogen bubble 
chamber at Berkeley has now gone into opera- 
tion, and is being exposed to a purified anti- 
proton beam. Berkeley has two clear instances 
of A°—A° pair production viz p+p>A°+A°*. 
The xenon bubble chamber of the Michigan 
group has also started working and has given 
valuable information on the neutral decay 
modes of A° and K,° K,°>9r°+2°), 
One thus knows that all the A° which do not 
decay via the charged mode (/\°> p+ do in- 
deed decay via the neutral mode ; there are also 
a large number of K,°~>7° + 7° events, which 
have diminished, if not removed, the discrepancy 
between the experimental branching ra‘io of 
K,° and its theoretical prediction on the basis 
of the |AT|=¥% selection rule. It thus 
appears that all the present experimenial data 
on strange particle decays are consis!ent with 
the |A T| = % rule, and one of the important 
theoretical questions is to understand how this 
empirical selection rule can be reconciled with 
the T= % current rule of Marshak, Okubo and 
Sudarshan. 

It is now known from the Berkeley hydrogen 
bubble chamber experiments that the neutral 
K-particles are heavier than their charged 
counterparis, the mass-difference being about 
4Mev. This is opposite to the situation exist- 
ing with the other known bosons, the 7° being 
lighter than +. The charge exchange of the 
K~ is therefore a threshold reaction, and this 
fact will have to be taken into account in an 
understanding of low energy K~— interactions. 
This has been discussed by Jackson and Wyld. 

There is no unambiguous evidence about the 
parity of (KN“) yet. One had hoped to get 
this information out of the dispersion relations 
for Kz nucleon scattering, but the experi- 
mental data are as yet inadequate for the 
purpose. There is now more or less conclusive 
evidence from small angle scatiering of K- 
mesons with hydrogen that the K+P interac- 
tion is repulsive, and the K--P interaction 
atiractive. The phenomenological analysis of 
K'-P interactions reported by Daliiz at the 
1958 conference has been carried further. 
Global symmetry has been laid to rest (but 
‘Symmetries like -old warriors do not die easily’ 
—Salam), since there is no consistent way 
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known of using global symmetry. There was 
not much talk about the KK = coupling of Pais, 
nor any experimenial evidence for it. 

An interesting communication in the session 
on New Theoretical Ideas was from Drell who 
discussed the possibility of quantizing boson 
fields with anti-commutators and fermion fields 
with commutators. This is possible if one 
gives up microscopic causality, and Drell sug- 
gested that the strange particles may have this 
wrong connection between spin and statistics, 
and this could be determined experimentally. 

The last of the definitely expected particles 
in the Gell-Mann Nishijima scheme has now 
been observed in the hydrogen bubble chamber 


at Berkeley. This is the ©° particle; it was 
1-15 Bev. 


produced in the reaction K-+p —_-, & 
and decayed via A°+*°*. Its mass is 
1326 +20 Mev in good agreement with the 
accepted value Mz- = 1321 + 3-5 Mev. 

Day, Sucher and Snow have argued that 
almost all (>99%) captures at rest of K~ in 
hydrogen and deuterium takes place from the 
S-siate. This has some important consequen- 
ces: (i) the isotropic angular distribution of 
the decays of Y+ produced from (K~P) cap- 
tures at rest shows, according to an old argu- 
ment of Treiman, that 2+ have spin %; (ii) 
the (A ° 2) production data from (K- P) atoms 
can now be used to determine the parity of K~ 
relative to ( A°P). (Okun and Pomeran- 
chuk) ; (iii) The Adair analysis, together with 
the known spins of 2+, can now be used to 
re-es ablish with high probability that the spin 
of K° and Kt is zero. 

The last remaining difficulty in the way of 
a Universal Fermi Interaction of the V-A type 
for non-strente particles was removed by the 
discovery of the *->e decay by the CERN group 
and the very good agreement of the experi- 
mental branching ratio 7—e/x—», as measured by 
various groups, with the theoretical value. 
The weak decays of the ordinary particles thus 
seem to be fairly well understood now. There, 
however, remain several problems with regard 
to the decays of strange particles, bo'h leptonic 
and non-leptonic. These were discussed by 


Marshak. One of the problems relating to 
leptonic decays is to understand the very low 
frequency with which they occur. They are 
at least ten times slower than what one expects 
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on the basis of Universal Fermi Interaction 
(unrenormalized). It may be mentioned that 
two leptonic decays of \° have now been identi- 
fied, but none so far of J+, 

Alikhanov reported on results coming from 
several laboratories on uncommon decay modes 
of 7-and u-mesons. These include 


which have been observed to occur, roughly 
with the theoretically expected rates, and 
e+y7,ut— e*+e-+e+s which have not been 
observed so far. The absence of the las: decay 
mode is significant from the point of view of the 
Feynman-Gell-Mann-Marshak-Sudarshan theory 
of Universal Fermi In‘eraction, where the weak 
interactions are supposed to be of the form 
Jx*Ju with only terms having |AQ/=1 
allowed to appear in J be 


There is further experimental information 
on the parity of 7°, from a study of the angular 
correlations between the planes of the two 
Dalitz pairs in the decay of the 7° via r®--e' + 
e +e*+e .About 150 bubble chamber events of 
this type have been cbtained by Steinberger’s 
group at Columbia from the decay of 7°s pro- 
duced in the reaction * +p— 7°+m, and some 
of these have been analysed in detail. The 
indications from these are in favour of the 
expecied pseudo:calarity of 7°. 


There was some uncertainity at the time of 
the 1958 conference regarding the helicity of 
the proton from A° decay. This has now been 
removed by the confirmation of the MIT result 
that it is negative. 

The Milan group presented an event which 
seems more or less definitely to be a (y- n) 
hyperfragment. This is very in‘eresting, if 
confirmed, since it would indicate that the 
interaction of y~ with nucleons is sufficien-ly 
strong to give rise to a bound state. One might 
mention that though the 4° -nucleon interaction 
is strong enough to give a variety of hyper- 
fragments, no instance of a hyperdeuteron 
(bound state of A° and P) has been observed 
so far. The only other two-particle hyper- 
fragment which could possibly exist is a (3 *p) 
system, and this has not yet been definitely 
observed. 

The next In‘ernational High Energy Con- 
ference will be held in Rochester in 1960. 
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NOBEL PRIZES FOR PHYSICS AND CHEMISTRY 


E Nobel Prize for Physics for 1959 has been 

awarded to Dr. Emilio Segré and Dr. Owen 
Chamberlain of the University of California 
for their discovery of the antiproton. The 
antiproton is one of the anti-particles whose 
existence had been predicted as early as 1928 
when Dirac developed the relativistic theory 
of the electron. 

The extension of Dirac’s theory to the proton 
requires the existence of an antiproton which 
bears to the proton the same relationship as the 
positron does to the electron. Thus the anti- 
proton would be identical with the proton in 
mass and spin, but would have a charge — e and 
magnetic moment equal but opposite to that 
of the proton. It would be expected to be 
generated in pairs with ordinary nucleons and 
to undergo annihilation in interaction with them. 
These predictions about the existence and pro- 
perties of the antiproton started the long search 
for its experimental discovery. 

There have been several “unusual events” 
recorded in cosmic ray investigations which 
might be explained on the basis of the annihila- 
tion of heavy particles, as for example an 
antiproton-proton annihilation, but at the time 
of the discovery of the antiproton in 1955 by 
Segré and Chamberlain, no sure conclusions 
could be drawn from them. 

Production of antiproton is a high energy 
interaction and calculations show that the 
minimum kinetic energy required for the forma- 
tion of an antiproton in a nucleon-nucleon 
collision is 5-6 Bev, although this threshold 
energy may be less if the target nucleon is in 
a nucleus and has some momentum. 

The experimental demonstration of the exist- 
ence of antiprotons was made possible by the 
construction of the high energy Bevatron accele- 
rator at Berkeley, California. The Experiment 
of Segré and Chamberlain consisted in allowing 
a proton beam of nergy 6-2Bev produced in 
the Bevatron to bombard a copper target, and 
examining the particles produced by this bom- 
bardment for the presence of antiprotons. By 
means of a momentum selector device consist- 
ing of a system of deflecting and focussing 
magnets, negative particles of momentum 
1-19 Bev/c. were sorted out from among those 
scattered from the target. This equimomentum 


beam, however, consisted overwhelmingly of 
™- mesons (nearly 50,000 for every antiproton 
present), and one of the main difficulties ~of 
the experiment was the sieving out of the very 
few antiprotons from this huge pion background. 
This was effected by the use of a very discri- 
minating system of counters. One such was a 


Cerenkov counter of special design which res- 
ponded only to particles in a narrow velocity 
range 0-75 < 0-78. The simultaneous mea- 
surement of the momentum and velocity of the 
particles enabled their mass to be determined 
uniquely and thus led to the identification of 
the antiproton. Subsequent experiments led to 
the verification of all its predictable properties. 
Thus its charge — e is established with certainty, 
its mass, which is 1,840 times the mass of the 
electron, is known to an accuracy of about 1%. 
Its mean life is about 10-8 seconds which is 
“almost an eternity” compared with the charac- 
teristic time (of the order of 10-2 sec.) 
expected for decay processes associated directly 
with strong reactions. 

The proof of the existence of antiproton has 
confirmed the symmetry between particle and 
antiparticle which comes out as a direct conse- 
quence of Dirac’s theory. It is now believed 
that all elementary particles have their counter- 
part—the antiparticles, and together they are 
about 30 in number. 

Dr. Segré was born in Italy in 1905, 
Dr. Chamberlain was born in San Francisco in 
1920. 

The Nobel Prize for Chemistry has been 
awarded to Professor Jeroslavy Heyrovsky who 


invented the Polarograph, an apparatus for the 


atomic electroanalysis of substances. 

Professor Heyrovsky is famous as the founder 
of the polarographic method in physical 
chemistry. Even from the beginning of his 
researches in electrochemistry, nearly 40 years 
ago, Heyrovsky recognized the potentiality of 
the dropping mercury electrode in the study 
of electrolytic processes and he developed the 
technique to such a degree of discriminating 
accuracy that polarography has now become a 
new field of science. 


The method consists essentially in the study: 


of the current-voltage curves obtained in an 
electrolytic cell, one of the electrodes of whicn 
is the dropping mercury electrode. In the 
polarograph devised by Heyrovsky automatic 
recording of the current-voltage curve is 
obtained. In the presence of substances in the 
solution that can be determined by the polaro- 
graphic method a rise in the value of the current 
will be recorded as a “wave” in the polaro- 
graphic curve. The potential at which the 
“wave” is formed identifies the substance and 


-the height of the wave determines its concen- 


tration in the solution. 

Heyrovsky’s “Polaroskop” is a later develop- 
ment of the apparatus and in this the oscillo- 
graphic method is used in polarographic 
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studies. The method helps the investigation of 
electrode reactions proceeding on a single drop 
of mercury. In this apparatus the presence of 
particular substances in the electrolytic solution 
is signalised by “cuts” appearing in the oscillo- 
graph curves. The position of the cut identi- 
fies the substance, while the depth of the cut 
gives the amount present. In the latest develop- 
ment of the apparatus, the “Impulse Polaro- 
graph”, the curves are obtained by the appli- 
cation of voltage impulses which method reduces 
the time of study to a matter of a few seconds. 


Structure of Vitamin By» 
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Polarography, besides its many uses in theore- 
tical chemistry, has found wide applications in 
industry, biology and medicine. 

Professor Heyrovsky was born in 1890 in 
Prague. He is the Director of the Polarographic 
Institute at Prague. Among the honours 
Professor Heyrovsky received are the State 
Prize of the lst degree (1951), the Order of the 


’ Republic (1955), Honorary Fellow of the Indian 


Academy of Sciences (1958), First Silver Medal 
of the London Polarographic Society (1959). 


STRUCTURE OF VITAMIN B,, 


= solving of the structure of vitamin B,, 

by Doro.hy Crowfoot Hodgkin, John White 
and their collaborators is one of the most 
striking results in the use of X-ray crystallo- 
graphy for the determination of structure of 
molecules. When this work began in 1948 
there was practically no information regarding 
the chemical nature of the vitamin but during 
the next eight years chemical structures of many 
groups within the molecule could be determined. 
A group consisting of a benziminazole ribose 
phosphaie, a propanolamine residue and various 
amide groups were discovered. There was also 
a cyanide group, and the presence of a 
large porphyrin-like fragment containing 
cobalt was suspected. There was no direct 
chemical evidence as to how all these groups 
might be linked together. The presence of the 
cobalt containing fragment and the possibility 
of a nearly planar porphyrin group (the crystals 
being strongly pleochroic) stimulated the X-ray 
work. If a structure is not too complex the 
presence of a single atom like cobalt favourably 
situated may sometimes lead to a complete 
structure determination. 

But vitamin B,. is far too complex. The 
dimensions of the air-dried crystal are about 
24 x 21 x 21 A (space group P 2, 2, 2, with 4 
molecules in the unit cell). With the phases 
based on cobalt contribution the density maps 
were too blurred and confused. In addition to 
the wet and dried vitamin the selenocyanate 
derivative B,.SeCN with a secondary heavy 
atom was also studied. But the compound that 
was really responsible for the solution of the 
structure was the one prepared by Todd and 
his co-workers. This was the hexacarboxylic 
acid obtained by degradation (alkaline hydro- 
lysis) which contained the porphyrin nucleus 
and its side chains. This crystalline compound 
was much less complex than the full vitamin 
(CygH;,0,,N,CoCl instead of Cog Hgg14Ni4 


i 


PCo—but these formule were not established 
till later). The course of X-ray analysis con- 
sisted in first fixing the cobalt atom from 
Patterson projections and finding the positions 
of the remaining atoms by a series of calculated 
approximations to the three-dimensional electron 
density distribution. These authors write “The 
solution was so unexpected that it is still not 
so easy for us to assess accurately the factors 
that made it possible. It is clear that X-ray 
analysis, fully supported by rapid techniques 
of calculation, is a more powerful tool for the 
direct chemical study of complex asymmetric 
structures than we had previously thought”. 
The structure of the nucleus itself was cleared 


Ch 
CO-CHs CH, cH, cHrCO-NH, 


—N C NSC, 


D | 
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cH, 


up. It consists of a central cobalt ,atom in 
approximately octahedral co-ordination attached 
to one cyanide group, one chlorine alom and 
four nitrogen atoms of the corrin nucleus. 
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Leading out from these four, the positions of 
other atoms in the nucleus could be traced in 
four five-membered rings ABCD. There was 
one unusual and unexpected feature which was 
at first difficult to accept. This was the 
direct linking of two of the 5-membered rings 
(A and D) without an intermediate bridging 


atom, with a methyl group attached directly to, 


one of the tertiary carbon atoms. 


Plant Disease tn Relation to Nutrition 
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Most of the tremendous numerical calculations 
required during the evaluation of the triple 
Fourier series of several thousand terms at tens 
of thousands of points were done on the electro- 
nic computer SWAC by Trueblood at the 
University of California. 

The figure shows the chemical formula 
Using the Bijvoet method these workers have 
also established the absolute configuration of 
this molecule, 


PLANT DISEASE IN RELATION TO NUTRITION 
1, Effect of Nitrogen, Potassium and Phosphorus on the Leaf Blight of Hollyhock 
B. B. SHARMA 
Department of Botany, University of Lucknow 


host nutrition has been considered an 
important factor in modifying the host 
response to parasitic infection. The level of 
nutrition and the nature of nutritive elements 
available to the plant generally influence the 
development of its various organs which con- 
sequently determines in a large measure the 
degree of its resistance or suscepiibility to 
pathogens, its histological and morphological 
structure or properties. The disease disposition 
by the nutrition, however, varies according to 
the pathogen and the host. Studies with macro- 
nutrients have been considerable from this 
view-point. It is the general opinion that nitro- 
gen increases the susceptibility of plant to 
infection while potassium and phosphorus tend 
to decrease it. A series of investigations have 
been undertaken to study the effect of macro- 
and micro-nutrients on some of the common 
diseases of the crop plants and the ornamentals. 
This paper presents the results of investigations 
on the influence of nitrogen, potassium, phos- 
phorus and the Knop’s solution on the leaf 
blight of hollyhock (Althcea rosea Cav.), which 


is caused by Alternaria tenuis Nees. The disease 
is also being recorded for the first time. 

The symptomatology reveals that the older 
leaves at the base are heavily affected and 
the young ones escape infection till late in the 
season, There is usually no infection on the 
stem but the flowers at the axil of the more 
heavily infected leaves may be attacked. The 
disease initiates as small, isolated pale-brown 
spois at the tip and margin of the leaves, which 
develop irregularly as circular or narrow well- 
defined areas; some of them coalescing and 
extending centrally downwards reaching up to 
the petiole. Later the infected regions exhibit 
pronounced curls, cracks and folds which dry 
up and become brittle, often producing irregular 
holes in the leaf lamina due to the disorgan- 
isation of the tissue (Fig. 1). 

The pathogenicity tests have shown that the 
fungus gains entry through the stomata or the 
weak and injured regions on the lower surface 
of the leaves and not through the upper surface, 
even if injured. 


Fic. 1. A naturally infected leaf of hollyhock. 


FIG, 2. An experimentally infected leaf of the same. 
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For the study of the influence of the macro- 
nutrients on the host susceptibility, holly- 
hock planis were raised in pots filled with 
ordinary unmmanured garden soil, which was 
dressed with definite quantity of sodium nitrate 
for nitrogen (0-°36% and 0-18%), disodium 
hydrogen phosphate for phosphorus (0-18% 
and 0:09%) and potassium sulphate for potas- 
sium (0°36% and 0-18%) prior to seed sowing. 
Nearly uniform conditions of growth were 
maintained for the plants except the varying 
concentration of the nutrient in the soil. The 
nitrogen-fed plants had leaves with broad and 
expanded lamina, were fast growing and more 
than double the size of those growing in the 
phosphorus-fed soils, which were the shortest 
and with comparatively small leaves. The 
plants growing in the 6” pots measured as: 
nitrogen 8-12”, potassium 51%4-7%” and phos- 
phorus 3-514” in height. 

To study the influence of the Knop’s solution 
on the susceptibility of holiyhock plants to 
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chlorosis, spotting and the blight. The general 
symptoms as developed in all these experi- 
mentally inoculated plants resembled those 
occurring in nature (Fig. 2) and the fungus 
employed for inoculation was reisolated from 
these. The results have been presented in 
Figs. 3 and 4. 

It is evident from Fig. 3 that the plants grown 
in nitrogen-dressed soil show the incidence of 
the disease in nearly half the time than those in 
the potassium or phosphorus. The higher the 
percentage of nitrogen in the soil, the more the 
plants are susceptible to blight while in the 
case of phosphorus-fed plants, the higher con- 
centration seems to make them more resistant. 
The status of potassium in this regard is inter- 
mediate, although the data indicate that the 
lower strength favours the disease appearance. 

The increase in the solute concentration of 
Knop’s does increase the susceptibility of holly- 
hock plants up to the 2 normal stage, in which 
the plants exhibit a general and complete 
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Fic. 3. Showing the pathogenicity of A. tenuis on 

hollyhock plant: raised in ordinary soil dressed with the 
macronutrients. 
A. tenuis, seeds were sown in glass jars filled 
with water washed sand. After forty-eight 
hours of: the seed sowing the cultures were 
periodically supplied with Knop’s solution of 
concentrations of 0-5N, N, 2N, 4N, 8N and 
16N. The plants supplied with 16N solution 
did not survive beyond the cotyledonary stage, 
while those growing in the normal and 2 nor- 
mal strengihs were more succulent and green 
than the others. 

The six to eight-leaved plants, in both these 
sets of experiment, were inoculated by the usual 
‘spore suspension spray’ method on the lower 
surface of the leaves. The development of the 
infection was recorded in three stages, viz., the 
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FiG. 4. Showing the pathogenicity of 4. ¢enuis on 
hollyhock plants raised in ordinary washed sand dressed 
with various concentrations of Knop’s solution. 
blighting of all the leaves within 4-6 days after 
the inoculation (Fig. 4). This corresponds very 
much to the results obtained for the plants 
dressed with nitrogen. In higher strengths, 
however, the infection is not as severe and 
general. Leaves of plants growing in 4 normal 
had average number of spots mainly developed 
centrally while in the case of 8 normal plants 
the number of spots was.féwer but compara- 
tively big and margindil. In both these cases 
the apical leaves remained unaffected even after 
twelve days of the inoculation. 

The author is thankful to Prof. S. N. Das- 
Gupta for his interest and valuable suggestions 
during the course of study. 


| 
lations 
triple 
it tens 
ectro- | 
t the | 
rmula, 
have 
on of | 
isease 
older 
and 
n the 
the 
more 
The 
rown 
well- 
and 
p to 
hibit 
dry 
‘ular 
the 
the 
face 
ace, 


Current 
Science 


LETTERS TO THE EDITOR 


EQUATIONS OF STEPHENSON AND 
SPHERICAL SYMMETRY 


In a recent paper Stephenson! has suggested 
some field equations obtained by ihe use of 
quadra:‘ic Lagrangians formed from _ the 
Riemannian Curvature tensor and its contrac- 
tion in a four-dimensional Riemannian Space. 
In the variational principle adop‘ed for the 
purpose the metric tensor and the affine 
conneciion components are treated as inde- 
pendent variables. After the variation is per- 
formed the affine symbols are specialized as 
the usual Christoffel connections. 

The field equations obtained by the use of 
the invariant R,,R‘*, in the variational prin- 
ciple specified above, are as follows :— 

Rys—4 Rem R*™ = 0 (1) 
R#®;s=0 (2) 
These equations differ from Einstein’s equations 
for empty Space-iime in their mathemazcical 
form and complexity. These are second order 
second degree partial differential equations in 
9x whereas Eins.ein’s equations 0 are of 
the second order first degree. The left-hand 
side of (1) becomes divergence-free by virtue 
of the relation (2). It is easy to see that any 
solution of Rix=0 will also be a solution? of 
the system of equations (1). The main object 
of this note is to show that Schwarzschild’s 
exterior soluiion is the only spherically sym- 
metric solution of the set of equations (1) and 
;' oa this we start with a spherically symmetric 
line-element in the form ; 
ds?= (d?* + sin’gdg’) + e”dt? (3) 
where \ and » are functions of r and t. Since 
the only non-vanishing components of R,, in 
case of (3) are Ry, Roz, and 
R,,= Ry, the system of equations (1) and (2 ) 
ultimately reduce to a system of ten differential 
equations in 4 and ». Only five out of these 
ten are found sufficient to determine \ and » in 
the form 


2 
=n’ +2ere 4 (5) 
where c is the arbitrary constant, ¢ (t) is an 
arbitrary function and an overhead dash indi- 


cates a partial differentiation with respect to r. 


The consistency of the rest of the five equa- 
tions, with the above solutions for \ and ¥, 
demands that c should be equal to zero and ¢ 
be a cons:ant. When these requirements are 
fulfilled, the relations (4) and (5) reduce to 
the well-known Schwarzschild exterior solution. 
It is, therefore, proved that Stephenson’s equa- 
tions do not describe any new gravita:ional 
situation in so far as spherical symmetry is 
concerned. 

The author wishes to express his indebtedness 
to Prof. V. V. Narlikar for suggesting the 
problem. 


SATYA NARAYAN PANDEY. 
Department of Mathematics, 
Banaras Hindu University, 
August 31, 1959. 
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ZIRCONIUM TETRACHLORIDE 
COMPLEXES IN THIONYL CHLORIDE 


ZIRCONIUM TETRACHLORIDE presumably possesses 
ds configuration as the excitation of one 
electron from the s orbital to the d orbital 
consumes 36K cals while the transfer of one s 
electron to the p orbital absorbs 42K cals.1 
Naturally the d*s arrangement of elec:rons in 
zirconium tetrachloride provides chances for the 
molecules to take up two more elec:rons so as 
to acquire the more stable d?s p? configuration. 
This view is substantiated by the fact that 
zirconium tetrachloride which absorbs moisture 
quite readily, after complex formation provides 
a saturated and quite stable molecule. 

The properties of zirconium tetrachloride as 
a solvoacid in acetyl chloride,2;3 benzoyl 
chloride+.» and thiophosphoryl chloride* have 
already been invesiigated. Zirconium te‘ra- 
chloride is fairly soluble (1-2%) in thionyl 
chloride and its solutions are much more con- 
ducting than the pure solvent. The ionization 
of thionyl chloride has already been posiu- 
lated.7-10 


SOC), = SOCI+ Cl 
The mode of ionization of zirconium tetra- 
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chloride as a solvoacid in thionyl chloride may 
be postulated as under :— 
+ 
ZrCl, + 2SOCI, = ZrClg-2SOCI, = 2SOCI + ZrCl, 


Quaternary ammonium chlorides which are 
analogues of bases in acid chloride solvents?:+ 
are appreciably soluble in thionyl chloride and 
enhance the conductivity of the latter to a 
considerable extent. The mode of ionization is 
expressed as under: 


QN.Cl = QN + Cl 

The solutions of zirconium tetrachloride and 
quaternary ammonium chlorides in thionyl 
chloride react to form precipitates which are 
salt-like in appearance and are unaffected by 
moisture. The formation of these complexes on 
the basis of ionization of the solvent, solvoacid 
and ansolvobases may be expressed as 
follows :— 

+ 2- 
2QN + 2Cl + 2SOCI + ZrCl,—> 
(QN), ZrCk, + 2SOCI, 

The complexes of triethylbenzylammonium 
chloride and  diethylphenyibenzylammonium 
chloride with zirconium tetrachloride are very 
soluble in thionyl chloride and do not separate 
even when most of the solvent is removed. 
These are precipitated by the addition of dry 
ethyl acetate. 

There is an interesting case with the com- 
plexes of trimethylbenzylammonium chloride 
triethylbenzylammonium' chloride. The 
complex of the latter is highly soluble in 
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FIG. 1. Conductimetric titrations in thionyl chloride. 
I. ZrCl, against trimethylbenzylammonium chloride. 

II. ZrClg against triethylbenzylammonium chloride, 
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thionyl chloride while that of the former is 
insoluble. This pair of ansolvobases which 
presents striking influence of substituents on 
the nature of the complex and its properties, 
has been employed in the study of complex 
forming property of zirconium tetrachloride by 
conductimetric methods. 


Conductimetric titrations in thionyl chloride 
indicate breaks at molar ratio of acid to base 
of 1:2. In the case of trimethylbenzyl- 
ammonium chloride (I) turbidity appears with 
the addition of a few drops of the acid solution 
and it goes on increasing till the lowest value 
of relative conductance is achieved. This point 
shows completion of the reaction and separation 
of the normal complex. Afterwards, the addi- 
tion of acid solution brings about dissolution 
of the precipitate and as a consequence the 
conductance shows a marked increase. How- 
ever, the precipitate does not dissolve com- 
pletely at molar ratio 1:1 and this regular 
increase in conductance does not provide any 
evidence as to the existence of the acid complex. 
In the case of triethylbenzylammonium chloride, 
(II) the solution remains clear throughout the 
titration and the decrease in conductance with 
the addition of the acid solution may be ex- 
plained as due to the removal of more mobile 
chloride ions with the formation of solvent 
molecules. The fall in the value of conduct- 
ance may also be attributed partially to the low 
conductivity of the complex formed in the 
solution. 
SarJiIt SINGH SANDHU. 
BHUPINDER SINGH CHAKKAL. 
GuRMIT SarRJiIt SANDHU. 

Department of Chemisiry, 

Panjab University, 

Hoshiarpur, 

June 29, 1959. 
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ISOLATION AND IDENTIFICATION 
OF MELANOCYTES IN THE NON- 
PIGMENTED SKIN OF GUINEA-PIG 
AND VITILIGINOUS HUMAN SKIN 
THE pure epidermis preparation technique of 
Medawar! was utilized by Shukla, Karkun 
and Mukerji= to isolate the pigmentogenic 
melanocytes of the black skin of guinea-pig 
and normally pigmented skin of human beings. 
The morphology of these cells was then 
studied*-+ under bright field microscope after 
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Fics. 
staining with L-3, 4, dihydroxyphenyl-alanine 
(dopa). The white skin of guinea-pig and 
vitiliginous human skin, on similar treatment, 
did not reveal any dopa positive melanocytes.* 
Examination of treated vitiliginous skin which 
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Science 
had started forming melanin, however, showed 
dopa positive normal melanocytes. The ques- 
tion therefore arose whether (a) melanocytes 
had been formed afresh in the repigmented 
skin or (b) the melanocytes were already 
present at the depigmented site but could not 
be visualised as they were dopa negative and 
on treatment were stimulated to become dopa 
positive. 

To verify these hypotheses an attempt was 
made to have isolated cell preparations from 


3 

4 
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the non-pigmented skin of guinea-pig and from 
vitiliginous human skin and examine them 
under the phase contrast microscope. It was 
observed that such preparations showed cells 
which were morphologically similar to the 
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melanocytes but did not give the dopa reaction. 
Figures 1 and 4 show melanocytes from the 
white skin of the ear of the guinea-pig and 
from the vitiliginous peroneal surface of the 
leg of human subject respectively. To com- 
pare them with the normal pigmentogenic cells, 
melanocytes from identical pigmented areas of 
guinea-pig and of human skin respectively have 
been shown in Figs. 2 and 3. 

This observation, therefore, indicates that 
non-pigmented and vitiliginous skin is not 
devoid of melanocytes. These melanocytes, 
perhaps, differ from those of the pigmented skin 
in the loss of pigmentogenic activity and give 
a negative dopa reaction. 

It was further observed that vitiliginous 
skin showed occasional aberrant varieties of 
melanocytes (Fig. 5). These cells had a 
rounded shape and their dendritic processes were 
short and club-shaped. This conforms to 
Greenburgs* contention of rotundity of the 
amelanotic melanocytes in melanoma tissue 
culture. 

Thanks are due to Shri R. K. Soraut for 
technical assistance and Shri S. Banerji for the 
photomicrographs, 
Central Drug Res. Inst., 
Lucknow, July 17, 1959. 
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CONGENITAL DEFECTS OF THE 
REPRODUCTIVE ORGANS IN WATER- 
BUFFALOES (BOS BUBALIS L.) FOUND 

IN UTTAR PRADESH 


From the breeder’s point of view, congenital 
defects of the reproductive organs in domesti- 
cated animals are very important. They may 
reduce fertility or make the animal toially 
sterile. There cannot be any curative treat- 
meni but such defects can be prevented pro- 
vided we know how they are brought about. 
With the above objective in view, a detailed 
study of 425 genital organs, collected from the 
slaughter house, Agra, was carried out in the 
winters of 1956 and 1957. The following 


defects which appear to be congenital were 
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found. The defects, seen in cattle,! have been 
described elsewhere. 

I. OVARIAN ABNORMALITIES 

(a) Dermoid cyst.—The ovary, from external 
appearance, seemed normal except that it was 
slightly bigger in size and slightly different in 
feeling. On seciioning, it was seen that there 
was no ovarian tissue in it. The pulpy sub- 
stance contained masses of hair tufts and some 
black pigment deposits. The condition was 
present on one side only. 

(6) Hypoplasia of the ovary.—In a few cases 
very small, either bean-shaped or a little longer 
than normal, but thin ovaries were seen. On 
sectioning with razor a few small Graaffian 
follicles could be seen. However, on histologi- 
cal studies they appeared to be normal though 
diminished in size. It was considered as partial 
hypoplasia of the ovary. It was also seen 
generally on one side. In our studies we came 
across a case of total hypoplasia in a buffalo 
as has been reported?:? in cattle. 

II, FALLOPIAN TUBE 

(a) Non-patency of the tube—In the mate- 
rial we found 9 cases of non-patency of the 
fallopian tube. It was present on one side only 
or on both sides. In some the contents of the 
tube were definitely pus-like but there were 
3 cases where the non-patency of the tube was 
considered as a congenital defect. The oviduct 
was not a tube but a mesh of small cysts. The 
fluid present in the lumen of the tube when 
cultured for bacteriological growth did not 
reveal anything. Surprisingly in one case 
where this condition was present, another 
anatomical abnormality—a double cervix was 
also detected. 

There are, however, many affections of the 
fallopian tubes giving more or less a similar 
picture but in these cases the inside fluid is 
inflammatory and is caused by bacterial infec- 
tion. 

(b) Absence of fimbriew—A case was seen 
where the anterior part of the fallopian tube 
had no fimbriz. It ended in a blind tube and 
was attached to the broad ligament of the 
uterus. There was a complete absence of the 
fimbriated end and this condition was present 
on both sides. 

III. .UTERUS 


(a) Non-development of the horns.—At 
puberty, under the influence of the anterior 
pituitary, the sexual organs develop rapidly 
and attain the normal adult size. In one case 
the uterine horns were found to be thin, tube- 
like structures in the adult stage; evidently 
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the development from the infantile to the adult 
size had not taken place. 

(b) Convolutions in the horns.—Normally the 
uterine horns in the buffaloes are smooth and 
they do not give any appearance of notches 
or rings. In a few cases (about 3-5%) this 
condition was met with. On opening the horns, 
the inside lumen of the horn gave a different 
appearance. In a pregnancy of a few weeks, 
the rings would become obliterated and the 
convolutions would disappear owing to the 
foetal development in the horn. It is difficult 
to say if this condition can be termed patho- 
logical. Ii may be an intermediary stage in 
the evolution of the species when it may be 
carrying several young ones in each pregnancy. 

(c) Double cervix—tIn one case the uterus 
had two cervical openings in the vagina. One 
was in the middle of the portio and the other 
was on one side, on the superior border (Fig. 1). 


FIG, 1. Genital organs of a water-buffalo showing 
double cervix (a preserved specimen, rods have been used 
to make the openings clear in the photograph). 


Both had patent openings in which a glass 
catheter could be passed. The second opening 
on one side was, however, having less promi- 
nent cervical folds. This condition may com- 
plicate the delivery of the foetus as one of its 
parts may get engaged in one opening or in 
the expulsion of the placenta. Recently 
Shalash (1958) found the incidence of double 
cervix as 0-17% in Egyptian buffaloes. This 
condition is rarely met with in our country. 

(d) Melanin deposits in the mucous mem- 
brane of the uterus—The uterine mucous mem- 
brane gives a pinkish appearance. In some of 
the genital organs, the appearance of the mucous 
membrane is changed to blackish brown. It 
may be in the form of specks or in areas. 


Letters to the Editor 


Current 
Science 


No abnormality in the vagina was found in 
this study. 


Department of Gynzcology, 

Obstetrics and Artificial 
Insemination, 

U.P. College of Veterinary 
Science and Animal Husbandry, 

Mathura, February 15, 1959. 


M. P. Jowart. 
S. P. SHARMA. 
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ON A NEW SPECIES OF SPIROXYLON, 
S. INTERTRAPPEUM FROM THE 
DECCAN INTERTRAPPEAN BEDS OF 
DISTRICT DHAR IN MADHYA 
PRADESH 


In the present note, a new species of Spirorylon, 
S. intertrappeum is described from a new locality 
of the Deccan Intertrappean Series about one 
and half miles south of the village Sitapuri 
(22° 20'11”; 75°5’'24”) in district Dhar of 
Madhya Pradesh. So far only two species of 
Spirorylon are known. They are Spiroxylon 
africanum Walion (1925) from Harmsfontein in 
South Africa, probably of Early Tertiary age, 
and S.indicum Mehta (1952) from the Lower 
Permian (?) carbonaceous shales of Singrauli 
coalfields, district Mirzapur, Uttar Pradesh. 

The present material consists of four petri- 
fied pieces of decorticated secondary wood. The 
bigger piece measures 40cm. in length and 
8-12cm. in diameter. The preservation of the 
wood is quite satisfactory. It shows the follow- 
ing characters : 

Growth rings (Fig. 1) distinct, 90-280 
tracheids apart with transition from spring to 
autumn wood usually gradual, sometimes 
abrupt. Spring wood 80-250 cells wide and the 
tracheids wide-lumened, 44-72 x 44-72 in 
size with 7-10 thick walls. Autumn wood 
4-25 cells wide and its tracheids narrow- 
lumened, 28-48» x 28-48 in size, with 7-124 
thick walls and usually squarish to rounded in 
shape. 

The bordered pits as well as true spiral 
thickenings are present both on the radial and 
tangential walls of the tracheids. The radial 
pits are mostly uniseriate (Fig. 5) and usually 
alternate (occasionally opposite) when in two 
rows (Figs. 6, 7, &), mostly contiguous, circular 
or vertically compressed or hexagonal in shape 
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and 13-20 in diameter. The pit-pores are 
circular or obliquely lenticutar and inclined 
towards right or lefi. The spiral bands are 
5-11 thick, 2-3 seriate (Figs. 9, 10), both left 
and right handed, inclined at an angle of 45°-70°, 
and usually pass across the borders of the pits 
or through the space between the separate 
pits. The tangential pits are comparatively 
scarce, mostly uniseriate and separate, and 


* 
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1-10, 6-114 in diameter, scattered or arranged 
in 1-3 horizontal rows, and circular or hexa- 
gonal through crowding; pore circular or 
obliquely len.icular. Xylem parenchyma and 
resin canals or cells are absent. 

The presence of true spiral thickenings in 
the secondary iracheids in addition to the 
bordered pits, which are characteristically in 
compressed series when uniseriate and normally 


‘9 


10 


Fics. 1—10. Fig, 1. Cross-section of the wood magnified to show a growth ring, spring and autumn wood tracheids, 


x 35. Fig. 2. T L.S. showing medullary rays, x 60. 


Another R.L.S. showing cross-field pits arranged in three, closely packed, horizontal rows, 
showing unise~iate tracheid pitting, x170. Fig. 6. R.L.S. to show biseriate, a'ternate pits, closey packe 


R.L.S. showing cross-field pits, x630 fig 4. 
x 630. Fig. 5. R.L.S. 
x 


Fig. 7. Another R.L.S. showing biseriat2, alternate pits. 240. Fiy. 8. R.L.S. to show biseriate, mostly op» site 


pits, x240. Fig. 9. R.L.S. showing 2-3 seriate, left-handed spiral bands, 


right-handed, biseriate spiral bands, 170. 

9-13“ in diameter. Spiral bands are almost 
similar io those of the radial wall. Medullary 
rays are 1-3 seriate, usually 1-2 seriate (Fig. 2) 
(exceptionally triseriate), 2-30 (or up to 50) 
cells high; ray cells usually oblong in shape, 
20-28 in height (average 24), with hori- 
zonial and tangential walls smooth and un- 
pitted. Indentures are absent. Ray tracheids 
are absent. Cross-field pits are (Figs. 3, 4) 


x170. Fig.10. R.LS. showing 


alternate when in two series, and the absence 
of transverse ray tracheids, xylem pa’ nchyma 
and resin canals or cells indicate the affinity 
of the present wood with the family Taxinez 
(Seward, 1919) and places it under the form 
genus Spiroxylon Walton (1925). This Inter- 
trappean wocd differs rather appreciably from 
the other two species of Spirorylon, so far 
recorded, Thus Spirorylon africanum differs 
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from S. intertrappeum in characters such as the 
size of the tracheids, absence of the tangentiai 
pits, presence of almost uniseriate, 1-18 cells 
high medullary rays, 1-2 seriate spiral bands 
and 2-8 pits in the field. In S. intertrappeum, 
there are 1-10 bordered pits in the field which 
are scattered or arranged in 1-3 horizontai 
rows. Similarly S. indicum can also be dis- 
tinguished from the present wood in the size 
of the tracheids, in the absence of tangential 
pits, in the presence of uniseriate (?) medullary 
rays, 1-2 seriate spiral bands and 6-7 bordered 
pits in the field. However, among the living 
woods of the family Taxinez, the present wood 
shows comparatively closer affinities with Taxus 
and Torreya than with any other genus oi 
Taxineze (Greguss, 1955; Florin, 1948). 

The authors are grateful to Dr. R. N. Lakhan- 


pal and Dr. M. N. Bose for many helpful sugges- - 


tions. 
Birbal Sahni Inst. of U. PRAKASH. 
Palzobotany, S. K. SRIVASTAVA. 


Lucknow, July 24, 1959. 
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PECULIARITIES NOTED IN 
GERMINATING RICE GRAINS 


GENERALLY when germination is initiated in 
rice, primary root breaks out of the coleorhiza 
and grows down. While the root is developing 
the coleoptile and the plumule break through 
the Pericarp. Pan (1936) however observed 
the emergence of plumule before the radicle 
during the germination of rice when the seeds 
were dried and stored for some time after 
soaking in 2% copper sulphate solution. 

Seeds of PTB. 10, an improved strain released 
from the Agricultural MResearch Station, 
Pattambi, were soaked in vegetable oils such 
as groundnut, gingelly and neem to study 
whether these are capable of inducing viable 
mutations in rice as reported by Pal et al. 
(1958) in wheat. After soaking for 24 hours 
in these oils, the seeds were wiped dry, washed 
well with dilute solution of potassium hydroxide 
and water. These were then immersed in water 


_for 24 hours and then transferred to moistened 


filter-papers in petri dishes. In all these plu- 
mule emerged before the radicle—the rever-e 
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of what happens in nature—details of which 
are given in Table I. 
TABLE I 
Sequence of plumule—radicle emergence 


a 
Groundnut oil - 95 5 
Gingelly oil “ 93 ee 7 
Neem oil es 98 ee 2 
Control = = 98 2 


(a) of seeds in which plumule emerged 
rst 

(2) Percentage of seeds showing normal germination ; 

(c) Percentage of seeds which did not germinate. 


The primary root development was delayed 
in all, and in some cases there was complete 
inhibition of primary as well as secondary roots 
in asmuch as no roots were observed even 
after seven days. The coleoptiles appeared to 
be paler than normal. 

In another series seeds were soaked for 24 
hours in distilled water, tap-water, 0°5% hydro- 
chloric acid and potassium hydroxide, washed 
well with distilled water, and allowed to ger- 
minate on moist filter-paper. In every case 
germination was normal except in hydrochloric 
acid where coleoptile emerged earlier than 
radicle. 

Rice Section, 
Agricultural Res. Station, 
Mannuthy, Trichur, 

July 29, 1959. 


P. C. SAHADEVAN. 
N. R. Narr. 
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A NEW SPECIES OF CURVULARIA 
FROM THE LEAVES OF JASMINUM 
SAMBAC 


Jasminum sambac (Mogra) is an evergreen 
shrub, generally grown in houses .and public 
gardens. It bears yellowish white flowers 
noted for their delicate fragrance during 
summer. During the month of August 1957, 
the plants showing dark-brown discoloured 
leaves were noticed in public gardens, Kota. 
Plating of the surface sterilised infected leaves 
invariably yielded the fungus Curvularia. 

A detailed morphological study of the fungus 
on corn meal agar, potato dextrose agar, oat 
meal agar and Sabouraud’s media and rice 
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grains was made. The conidia were found to 
be mostly three septate, rarely four septaie. 
The walls of the conidia, under study, were mucn 
thicker (Fig. 1) than those in other species of 


FIG. 1. Curvularia Prasadit. A. Conidiophore, 
B. Conidia. 

Curvularia with three septate conidia of approxi- 
mately the same size.!-* It is, therefore, con- 
sidered a distinct new species of Curvularia, 
(M. B. Ellis, in litt.) and proposed to be named 
as Curvularia prasadii in honour of Dr. N. 
Prasad, Plant Pathologist, Rajasthan. The 
detailed description of the fungus is as 
follows .1 

Curvularia prasaditi MatHur & MatTuHurR, SPEC. 


NOV. 
Hyphae brunneae, septatz, ramosissime, 
2°4-6-4u, Conidiophori' brunnei, simplices, 


recti vel curvati, septati, non ramosi, geniculati 
ad apicem, 80-320 x 3-2-4-8. Conidia brunnea, 
ut plurimum ter, raro quatter septata, in- 
zequaliter ventricoso-fusiformia, vulgo recta, 
nonnumquam curvata, haud constricta ad septa, 
tertia cellula ‘ex basi largior, latior atque fuscicr 
ceteris, cellula apicalis apice levi rotundato, 
cellula basalis catiniformis ornata cicatrice dis- 
tincta ad basin indicante punctum insertionis in 
conidiophorum. Conidia singula, plus minusve 
piraliter disposita ad apicem conidiophororum 
numero variabili (2-10), magnit 18-0 x 9-1lwu 
(12-8-25-6 x 8-0-12-8u) septis fusce brunneis 
1-6-2-44 crassis. 

Typus lectus in foliis Jasmini sambac, in 
horto publico ad Kota, mense augusto anni 
1957, a B. L. Mathur, et positus in Common- 
wealth Mycological Institute in Horto Kewensi, 
Anglia (1.M.I. 71475), 
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The culture of this species has also been 
isolated from Kenya and from Sahara soils by 
Madame Nicot (M. B. Ellis, personal communi- 
cation). 

We are indebted to Dr. N. Prasad, Plant 
Pathologist, Government of Rajasthan, for his 
keen interest. We are also grateful to Dr. M. B. 
Ellis of Commonwealth Mycological Institute 
for identification of species and to Dr. H. 
Santapau for Latin diagnosis. 


Plant Pathological Seciion, 
Agriculture Department, 
Rajasthan, Kota, 

February 24, 1959. 


R. L. MAtTHuR. 
B. L. MATHur. 


1. Rao, P. N. and Salam, M. A., J. /udian bot. Soc., 
1954, 34, 268. 

2. Subramanian, C. V., Proc. Jud. Acad. Sci., 1953, 
38, 37. 


AN AZOTOBACTER Sp. IN THE 
SWOLLEN ROOTS OF CYPERUS 
ROTUNDUS 


Durinc a study of rhizosphere organisms in 
common cultivated crops and weeds in agri- 
cultural fields, an organism was persistently 
observed with the swollen roots of the common 
weed Motha, Cyperus rotundus. The organism 
was isolated in the pure cultures from dilution 
plate technique in Ashby’s mannite agar (Ashby, 
1907), inoculum being a drop of liquid from 
the mannite solution inoculated firstly with bits 
of washed and surface sterilised (by immersion 
of uninjured roots in’ HgCl, and alcohol), 
pieces of swollen roots of the weed (Fig. 1). 


Fic. 1. The organism from the swollen roots of 
C. rotundus stained with carbol fuchsin,’ x 1500, 
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The organism was examined morphologically 
and its physiological characteristics were studied. 
These are detailed below. 

MORPHOLOGICAL CHARACTERISTICS 

Capsulated rods; 3-23-4-:97 x 1-16-1-79u 
with capsules and 2-70-4-08 » x 1-00-1-544 with- 
out capsules ; aerobic ; growth between pH 4:0- 
11-0; highly motile at pH 4-0 and 11-0, motility 
decreasing forwards neuirality; non-motile at 
PH 7:3-8-5; no endospores; gram negative; 
inside the swollen roots the organism is present 
in somewhat diminished coccoid form. 

CULTURAL CHARACTERISTICS 

Grows vigorously in solutions of sugars, 
manrite and starch, in Ashby’s mannite solu- 
tion, no perceptible pellicle but the liquid 
acsumed the appearance of a thin starch paste 
without any pigment formation; colonies in 
mannite agar-translucent to opaque, ovate; 
growth on potato-slimy creamy white in 
appearance, organisms are thin rods without 
capsules; starch agar colonies are ovate and 
sometimes circular with black pigment. 

BIOCHEMICAL CHARACTERISTICS 

Growth in nutrient broth and nitrate broth 
which showed turbidity and sediment but there 
was reduction of nitrate; complete 
decolourisation of litmus milk; no liquefaction 
of gelatin; no growth in 1% sodium benzoate. 

The organism fixed 7-6mg./gm. of mannite 
in Ashby’s mannite solution (21 days), 
10-2mg./gm. of sucrose in Jensen’s medium 
(Jensen, 1951) (14 days) and 11-8mg. in a 
medium containing stdrch. From these charac- 
teristics it was tentatively considered as a strain 
of an Azotobacter Sp. However, it differs from 
the common species of Azotobacter in its ovate 
shape of pointed colonies and wide range of 
pH tolerance. 

Maize was grown in sand culture (Crone’s 
solution) afier it was steeped in a suspension 
of the organism in water (30 millions/c.c.). 
They grew very well and showed an increase 
in dry yield by about 30% and in nitrogen 
content by nearly 80% over the control plants 
when the latter started dying. 

The details of the experiment are being 
published elsewhere. 


Indian Agriculiural Research V. ISWARAN. 
Institute, ABHISWAR SEN. 


New Delhi, June 29, 1959. 


1. Ashby, S. F., J. Agric. Sci., 1907, 11, 235. 
2. Jensen, J. L., Proc. Soc, Appld, Bact., 1951, 14, 89. 
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TIDAL RHYTHMS OF SOME DIATOMS 
AND DINOFLAGELLATES INHABITING 
THE INTERTIDAL SANDS OF THE 
VISAKHAPATNAM BEACH 


It is well known that some marine organisms 
exhibit persistent rhythmicity of simple physio- 
logical events synchronising wi:h the tides.1-5 
The phenomenon is not only confined to the 
animals but is also characteristic of a number 
of minute  chlorophyll-bearing protophyta 
inhabiting the intertidal zone. Aleem® has 
studied experimentally on the shore and in the 
laboratory the diurnal periodicity of the diatom 
community inhabiting the mudflats at Whit- 
stable. Faure-Fremiet reported the tidal 
rhythms of Strombidium oculatum,? Cromulina 
psammobia® and of Hantzschia amphioxys.® 
The above authors have also reviewed previ- 
ous literature dealing with tidal rhythms in this 
group. We are, however, not aware of any 
such reports from the coasts around India. 

While engaged in an ecological survey of the 
intertidal sands of Visakhapatnam coast!® we 
had, on several occasions, observed brown and 
green patches on the surface of the sand at low 
tide during the daytime. These were parti- 
cularly conspicuous during the period February 
to June. Microscopic examination of the 
coloured sand in the laboratory revealed that 
the brown patches comprise populations, almost 
exclusively, of the diatom Hantszchia amphioxys 
(Ehr.) Grun. var. capitata O. Miiller and the 
green patches were due to the presence of 
numerous dinoflagellates Gymnodinium splen- 
dens Lebour and a few Amphidinium pellucidum 
Herdman. 

Thin films of several such patches were 
scraped. These were kept evenly spread in 
fingerbowls, covered with water and exposed 
to diffuse light from the window in the labo- 
ratory. Observations made at regular inter- 
vals during the daytime have shown that these 
organisms periodically come up to the surface 
synchronising approximately with the time of 
low tide in their natural habitat. A corres- 
ponding downward migration and the conse- 
quent disappearance of the coloured patches was 
observed more or less coinciding with the high 
tide. Isolated populations seen under the micro- 
scope at the time of low tide reacted positively 
to light. When the same populations were 
examined at the time of high tide it was found 
that this phototropistic sign was reversed and 
the organisms reacted negatively to light. 
During this photophobic phase they secrete a 
gelatinous substance with the help of which 
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they agglutinate and cluster around the sand 
grains. 

We have repeatedly failed to observe these 
patches on the beach when the low tide was 
during night; nor did the patches in the 
laboratory show themselves during the night 
time. 

When the observations were continued for 
three to four days the organisms failed to exhibit 
any rhythmicity, probably due to “progressive 
overlapping of the endogenous periods”? under 
constant laboratory conditions. 

On a short visit to Bhimilipatam 20 miles 
north of Visakhapatnam and on several visits 
to the backwaters of the Harbour area we have 
observed similar behaviour exhibited by patches 
consisting of a community of the diatoms 
Pleurosigma estuarii Brébisson and of Nitzschia 
closterium (Ehr.). 

While the full physiological significance of 
these reactions and how they come _ into 
synchrony with rhythmic events in nature are 
not fully known, Faure-Fremiet® suggests that 
such responses are probably of great adaptive 
value for the organisms dwelling in a biotope 
periodically washed by the waves. Their 
emergence from the sand at low tide during day- 
time enables them to carry on the photosynthetic 
activity normally. Their migration downwards 
with the advent of the high tide and their 
capacity to stick to the sand grains with the 
help of the mucous material secreted during 
this photophobic phase would prevent them 
from being washed away thus resulting in the 
establishment of persistent and flourishing 
populations. 


Dept. of Zoology, 
Andhra University, 


P. N. GANAPATI. 
M. V. LAKSHMANA Rao. 
D. V. SupBa Rao. 


Waltair, 
July 6, 1959. 
1. Brown, F. A. Jr., American Nat., 1957, 91 (858), 
129-34. 
2. Stephens, G. C., /did., 1957. 91 (858), 135-52. 
3. Fingerman, M.. /did.. 1957, 91 (858) 167-78. 
4. Bruce, G. and Pittendrigh, C., /did., 1957, 91 (858), 
179-95. 
5. Harker, J. E., Biol. Rev. Cambridge Phil. Soc., 
1958, 33 (1), 1-52. 
6. Aleem A. A., Mew Phytologist, 1950, 49 (2), 
174-82. 
7. Faure Fremiet, E., Budd. Biol. France-Belgigue, 1948, 
82, 3-23. 
8. —, Jbid., 1950 5, 84, 207-17. 
9. —, Biol. Bull, Woods Hole, 1951, 100 (3). 173-77. 
10. Rao, M. V. L., “Studies on the ecology of the inter- 


tidal sands of the Visakhapatnam coast,” 4/.Sc. 
7 hesis (unpublished), 1954, 
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ANEW RECORD OF PHYTOPHAGOUS 
CHALCIDOID IN FENNEL SEED IN 
INDIA 


PHYTOPHAGY amongst Chalcidoids, in recent 
times, is being increasingly reported and 
several species belonging to the families 
Agaonide, Torymide, Eurytomide, Peril- 
ampidz and Eulophide have been recorded 
infesting vegetative parts of the planis or their 
fruits and seeds. 

The authors while testing seeds of vegetables 
and condiments observed the Eurytomid 
Systole albipennis Walker causing heavy damage 
to the seed of fennel (Foeniculum vulgare Mill) 
which is widely grown in India for use as a 
condiment and is greatly preferred for its medi- 
cinal values. No insect has so far been 
recorded in India causing damage to the seeds 
of fennel though the same species has been 
recorded from America. 


Fics. 1-3 

Fig. 1. Healthy fenne) seed. 2. 
with circular emergence hole of the adult. 
damaged mericarp. 

The nature of damage by the pest is not 
evident externally till the emergence of the 
adult insect which leaves a neatly cut circular 
hole on the surface of seed only after it has 
completed its development within and emerges 
from the seed. This suggests that fennel seed 
is attacked when it is tender and the egg is 
laid inside the seed. The grub feeds inside the 
mericarps and renders them hollow. 

Generally there was one hole in a mericarp 
suggestive of the presence of one grub in each 
seed but sometimes two holes, one in each meri- 
carp had also been observed. Dissection and 


Infested fennel seed 
3. Completely 
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examination of the seeds further confirmed the 
presence of two grubs in each seed one in each 
mericap. Some grubs were found to be para- 
sitised. Two species of parasites belonging to 
the families Eulophide and Torymide have 
been reared and were identified as Tetrastichus 
sp. and Liodontomerus sp. respectively. 

The larve of Systole albipennis are pale 
yellow in colour and measure 2-5mm. in length 
and 0-5mm. in breadth. The head is deflexed 
ventrally and is conspicuous by the brown 
coloured mandibles. The full-fed grub pupates 
inside the seed and after the completion of 
pupal period the adult cuts its way out through 
the covering of the seed as mentioned above. 
The adults are black in colour. The female 
can be readily recognised by its larger size. 
They were reared in the laboratory from August 
to September. 

The percentage of attack in the sample, which 
was examined, was as high as 30%. As the 
grub completely consumes the embryo (Fig. 3) 
the percentage germination of such seeds is 
greatly affected. The damaged seeds are incap- 
able of germination and the germination test 
confirmed the above high degree of damage. 
Unless the seed is critically examined, the 
damaged seed when sown might lead to patchy 
germination and greater disappointment. This 
shows the importance of testing seeds for the 
damage of insect pests. Further study of this 
pest and its parasites is in progress. This study 
is very important not only for the purpose of 
seed testing but the infested fennel is undesir- 
able in the various uses to which the fennel is 
put, especially for chewing alone or in the betel 
leaf by many in India. 


Division of Entomology, H. N. Batra. 
Indian Agri. Res. Inst., B. R. Supsa Rao. 
New Delhi, S. K. BuHatria. 
June 10. 1959. 


AN INTERESTING ENTOMOGENOUS 
FUNGUS ON GREEN BUG OF COFFEE 


Coccus viridis Gr., the green bug attacking 
coffee in South India, has been known to be 
affected by two entomogenous fungi: Empusa 
lecaniti Zimm. and Cephalosporium _lecanii 
Zimm., the former being commonly referred to 
as the black fungus and the latter as the 
white fungus. During October-December 1957, 
and again during April-December 1958, some 
green bugs on arabica and excelsa coffee bushes 
at the Coffee Research Station, Balehonnur, 
were found affected by an orange-red fungus 


distinct from the black and white fungi men- 


[Curren 
"Scien 
tioned above. Infecied green bugs wer 
observed on berries (Fig. 1) and leaves of 
isolated coffee bushes. 


Fic. 1. Affected green bugs on coffee berries. 


The fungus forms a stroma, involving a half 
or entire part of the dead body of the insect. 
The fully developed stroma is leathery soft 
when moist, but hard when dry, sessile, hemi- 
spherical to spherical, smooth, orange-red in 
colour and measures up to 3mm. in diam. It is 
composed of interwoven, branched and sparsely 
septate hyphz with thick walls and narrow 
lumen, containing orange coloured oil globules. 
Within these stroma, pycnidia or perithecia are 
formed. 

The pycnidia are immersed in the stroma 
and open to the outside by oval or round 
apertures. The pycnidiospores are unicellular, 
hyaline, thin-walled, fusiform, pointed at both 
ends, with one to four (mostly two) guttules, 
and measure 7:6-9-7u xX 2-0-2-8u. They are 
extruded in a cirrhus when the stroma comes 
in contact with water. Paraphyses are absent. 
The perithecia are immersed, flask-shaped, 
ostiolate, 250-310» x 90-165. in size. The asci 
are elongate, clavate-cylindrical, hyaline, blunt 
at the apex, stipitate, 140-180» x 5-2-10-5u, and 
eight-spored. The ascospores are filiform, 
hyaline, arranged parallel to each other along 
the length of the ascus, septate, and break into 
innumerable fragments at the septa on attain- 
ing maturity. The ascospore fragments are 
cylindrical, rounded at both ends, hyaline, 
8-0-9-0u x 2-5-3-0x. 
‘Germination of the ascospore fragments was 
found to be very slow in a 2% glucose solution 
requiring nearly 2-3 days for the germ tubes 
to appear. 
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The fungus has been identified as Hypocrella 
olivacea Petch. The pycnidial stage corres- 
ponds to the form-genus Aschersonia. Ascher- 
sonia lecanii Konigsberger et Zimmermann and 
A.coffee P. Henn. have both been reported on 
Lecanium on coffee from Java.* The present 
fungus. differs from these in the size of the 
pyenidiospores (Table I). Pattabhiraman! has 
observed an unidentified orange-red fungus 
on green bugs. Bui, in the absence of 
adequate description it is difficult to determine 
whether his collection is identical with that 
under report. To our knowledge, the fungus 
described in this paper appears to be the first 
authentic record of its occurrence on green bug 
of coffee from South India. 

TABLE I 
Comparison of the size of pycnidiospores of 

Aschersonia lecanii, A.coffez, Hypocrella 

alivacea 


Name of the fungas Size of pycnidiospores in uz 


l. A. lecanii® a 11-—14x4 
2, <Acoffee* 10-15 2-0—2-5 
3. H. olivacea 7-6-9°7x2-0-—2°8 


The Aschersonia siage of the fungus is com- 
monly observed during the rainy weather, the 
Hypocrella. stage becoming more in evidence 
with the approach of the dry weather. 

Herbarium specimens have been deposited at 
the Commonwealth Mycological Institute, Kew, 
England (No. IMI 76595). 

We are deeply indebted to Mr. Booth, Assist- 
ant Mycologist, Commonwealth Mycological 
Institute, England, for the specific identification 
of the fungus ; to Dr. B. T. Narayanan, Director 
of Research, Coffee Board, for his keen interest 
in these studies; and to Dr. P. S. Shekhar, 
Entomologist, for confirming our identification 
of the host insect and for providing additional 
material for study. 


Coffee Research Station, 
Balehonnur, 
June 6, 1959. 


T. R. Nac Rag. 
K. V. GEORGE. 


1. Pattabhiraman, T. V., Zighth Annual Report, 
Research Dept., Coffee Board, 1954-55, Bull. 8, 


94. 
%, Saccardo, Sy//. Fung., 15, 488 ; 18, 412. 


MOLYA DISEASE OF WHEAT AND 
BARLEY IN RAJASTHAN 


A sERIoUS disease of wheat and barley, locally 
known as ‘Molya’, is prevalent in Jaipur, Sikar, 
Alwar and Ajmer districts of Rajasthan. This 
is responsible for losses to the crops annually, 
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and in certain badly infesied fields, practically 
no grain is formed. 

In heavily infested fields, the seedlings are 
desiroyed before emergence or almost as soon 
as they emerge, resulting in thin and irregular 
stand. The surviving plants remain stunted 
and show yellowing of leaves. The root system 
gets reduced in size and becomes bunchy with 
profuse development of thinner rootlets. The 
affected roots and rootlets, with soil sticking 
to them, show characteristic swellings. 

The presence of a parasitic sucking type of 
nematode was observed in the soil and roots. 
Small, rounded, lemon-shaped, white to dark- 
brown coloured bodies of the size of 0-2 mm. 
to 0-5mm. were invariably associated with the 
roots of the diseased plants late in the season. 
The lemon-shaped bodies were found to be full 
of larve of the nematodes indicating that they 
were the cysts. Pathogenicity of the nematode 
was established by growing wheat in pots filled 
with inoculated and sterilized soils; the plants 
showed typical disease symptoms in the former 
and normal healthy growth in the latter. 

The cysts are symmetrical, hard, exposed on 
root surface, attached by neck, dark brown when 
mature with obtuse vulval cone and bullz close 
to vulval slit. They have thick white crystal- 
line layer when young. The cyst forming 
nematode responsible for the disease has been 
identified as Heterodera avence Wollenweber 
[synonym H.major (O.Schmidt) Franklin]. 
The parasite has been reporied on graminaceous 
hosts in United Kingdom and Australia,’ but 
this appears to be the first record from India. 
Further work on this problem is in progress. 

The authors are grateful to Mr. F. G. W. Jones 
of Rothamsied Experiment Station, Harpenden, 
for identification of the nematode. 


Piant Pathology Section, N. PRASAD. 
Agriculture Department, R. L. Matuur. 
S. P. SEHGAL. 


Rajasthan, Udaipur, 
July 25, 1959. 


1. Rolfe, S. W. H., Plant Nematology Tech. Bull., 
Ministry of Agriculture, Fisheries and Food. Lon- 
don, 1959, 7, 95-100. 


CHROMOSOME NUMBERS IN 
GRAMINEAE 


Tue chromosome numbers of five genera anid 
fifteen species of the tribe Panicee were 
investigated and are reported in Table I. The 
panicles were fixed in propionic alcohol (1: 3) 
and the anthers were squashed in propiono- 
carmine. Root-tips were fixed in Karpechenko’s 
fluid, and stained in crystal violet. 
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TABLE I 
Chromosome number Previous report 
Species Source 
n 2n Author 
Orechloa reptans Stapf. ee Coimbatore 7 
U. mosambicensis (Hack.) Dandy .. Botanic Gardens, 14 a 28 Joginder Nath and 
Coimbatore Swamin than, 1957 
(Exotic sp.) 
30 de Wet and Anderson, 
1956 
42 Darlington and Wylie 
1955 
U. setigera Stapf. ee Coimbatore 18 ee 
U. panicoides Beauv. «- Top slip, Coimbatore 24 os 30, 36 Darlington and Wylie, 
1955 
Eriochola procera C. E. Hubbard. .. Coimbatore 18 eo os eo 
Paspaiidium geminatum Stapf. ee do. 9 ne 40 (as do. 
Panicum 
geminatum) 
P. flavidum A. Cam. oe do. 27 72 do, 
Digitaria marginata Link. - do. 27 ° 36-48, 54 do. 
(as D. san- 
guinalis) 
D. marginata Link. Kurudimalai, 18 ee ee 
var. fimbriata Stapf. Coimbatore 
D. griffithii Stapf. Topslip, Coimbatore 27 oe ee 
Setaria in’ermedia R. & S. Coimbatore 27 54 ee ee 
S. verticellata Beauv. ' oe do. 27 54 18 Darlington and Wylie,. 
36 1955 
S. splendida Stapf. oe Australia ee 36 63 do. 
o4 de Wet and Anderson, 
1956 
S. woodii Hack. oe do. ee 18 ee oe 
S. holstii Herrm. do. oe ee 
S. sp. (received as S. superba) do. 36 oe 


The chromosome number of Urochloa pani- 
coides (n= 24) is the highest recorded for the 
genus and suggests a new basic number (x = 12). 
The chromosome number (n = 9) of Paspalidium 
geminatum is the lowest recorded for the genus 
and indicates a true diploid race. The meiotic 
pairing was normal in all the species except in 
Urochloa mosambicensis where the association 
was often 2,, + 10,,. 

The authors are thankful to the Systematic 
Botanist and Professor of Botany, Coimbatore, 
for the supply of Urochloa mosambicensis and 
to Dr. William Hartley of the Commonwealth 
Scientific and Industrial Research Organisation, 
Canberra, for supplying the seeds of Setaria 
species. P 
Agric. Research Inst., 
Coimbatore-3, 

March 9, 1959. 


V. S. RAMAN. 
P. CHANDRASEKHARAN. 
D. KRISHNASWAMI. 


1. Darlington, C.D. and Wylie, A. P., Chromosome 
Atlas of Flowering Plants, George Allen and Un- 
win Ltc., 1955, 519. 

2. de Wet, J. M. J. and Anderson, L. J., Cytologia, 
1 1 


3. Joginder Nath and Swaminathan, M. S., /ndian /. 
Genet, 1957, 17, 102. 


CHROMOSOME NUMBERS IN SOME 
GRASSES 


In the course of studies on forage grasses in 
relation to their chromosomal races, the follow- 
ing chromosome numbers were determined. 
The counts are believed to be new in the sense 
that chromosome numbers for some of these 
items do not appear to have been listed in the 
literature (Darlington and Wylie, 1955 and 
subsequent publications) or the numbers 
recorded here are different from those reported 
earlier. 

As would be seen from Table I, there 
are indications of the existence of intraspecific 
chromosome races, as for instance in the case 
of Pennisetum subangustum S. & H. and Panicum 
coloratum L., besides Pennisetum pedicellatum 
Trin. and Iseilema laxrum Hack. The entire 
grass collection in the Division is being studied 
from the point of view of, among other things, 
relationship between the various plant characters 
and chromosome numbers. 

Material was fixed in acetic alcohol saturated 
with ferric acetate and stained in propiono- 
carmine according to the schedule described by 
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TABLE I 
Chromosome numbers 
Species Source A Present Previous Author 
material _re,orts 
1 Pennisetum subangustum S.& H. W. Africa E.C. 13267 12 2n=36 Krishnasw ) et al. 
(1954 
2 Pennisetum subangustum 8.&H. W. Africa E.C. 13267 16 ee ee 
3 Pennisetum pedtcellatum Trin... Ajmer (India) I.W. 1685 24 2n =36 Swaminathan and 
and 54 Nath (1956) 
4 Jschemum aristatuem Linn. .. B-mbay (India) I.W. 1056 12 eo 
5 Schima spathflorum Bombay (India) I.W. 1040 10 “ 
Blatter & McCann. ee oe 
6 Sehima sulcatum Camus. Bhopal (India) I.W. 1505 10 
7  Chrysopogon lancearius Haines Andhra !India) I.W. 1423 10 ee 
8 Jsetlema laxum Hack. -» Nagpur (India) I.W. 1505 14 n=4  Celavier and Paliwal 
1957) 
: 2n=36 Ramanathan (1950) 
9 JLseilema wightii Anders. -. Thana (India) I.W. 1686 14 eo oe 
10 Panicum coloratum L. .. Australia E.C. 14124 18 2=18 Swaminathan and 
+1 to3 Nath (1956) 
Bchromo 
somes 
Panicum coloratum L. Australia E.C. 14125 16 oe 
12 Panicum coloratum L. Australia E.C, 14126 9 ee 
13. Elyonurus hirsutus Munro.  .. Rajasthan IW. 1487 9 
(India) 
Swaminathan et al. (1954) for pollen mother chromosomes in the root-tip cells. It is 


cells. Chromosome counts were made at dia- 
kinesis and metaphase I. 

Division of Botany, A. B. JOsHI. 
Indian Agri. Research Inst., B. D. Pati. 

New Delhi-12, P. L. MANCHANDA. 
June 8, 1959. 
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CHROMOSOME NUMBER IN 
CERATOPTERIS SILIQUOSA (L.) 
COPEL. 


Tre systematic position and affinities of the 
genus Ceratopteris has long been questioned. 
Recently Ninan (1956) has determined the 
chromosome number of Ceratopteris thalictroides 
(= C. siliquosa ; Copeland, 1947) and tried to 
ascertain its phylogenetic relationship on the 
basis of cytological observations. He found the 
presence of 77 bivalents in meiosis and 154 


interesting to note that his observation agrees 
substantially with that reported (76-78 biva- 
lents) by Manton (1954) from specimens 
collected from Malayan peninsula. 

Cytological studies of Ceratopteris siliquosa * 
collected from the suburbs of Calcutta showed 
the presence of 40 bivalents in the spore mother 
cells and 80 chromosomes in the somatic com- 
plement. The accompanying figure which has 


FiG 1. Ceratopteris siliguosa. Somatic Chromosomes, 
x 1,600. 


* The material has been identified from the Indian 
Botanic Garden and confirmed by the authorities of the 
Royal Botanic Garden Herbarium, Kew, England. 
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been obiained from aceto-orcein squash pre- 
parations of the root-tips pretreated in a mix- 
ture of 1 pari of Newcomer’s fixative and 3 
parts of saturated aqueous caumarine solution 
for 1% hour at 15°C., followed by fixation in 
1:3 acetic alcohol for an hour shows the pre- 
sence of 76 somatic chromosomes, 4 being out 
of focus. Repeated counts, from plants obtained 
from different localities round about Calcutta, 
always showed the same number (n= 40; 
2n = 80). It may be mentioned that according 
to Ninan, mosi of the somatic chromosomes 
have median and submedian constrictions, 2 of 
which are satellited out of 154. Our observation 
shows thai the chromosomes with subterminal 
centromere are greater in number than those 
with median and submedian. Four pairs of 
Sat-chromosomes are also noted in the somatic 
complement. 

Ninan (1956) has discussed the validity of 
the opinions of different authors regarding the 
affinities and phylogeny of the genus Ceratop- 
teris. He questioned the plausibility of 
Bower’s (1928), Holttum’s (1947) and Copeland’s 
(1947) views on the interrelationship of the 
genus and position of the same in the systematic 
classification of the former two authors. He, 
however, supports Bower’s (1928) suggestion 
of its origin from the Osmundaceous stock on 
the contention that all these are traceable back 
to 11-chromosomed ancestors. In the light of 
the present investigation on Ceratopteris sili- 
quosa and on the basis of the argument 
advanced by Ninan, it seems quite appropriate 
to consider the genus closely related to those 
forms having n= 10 or its multiples. Thus the 
inclusion of the genus within Gymnogram- 
moidee by Bower (1928), in Adiantacee by 
Holttum (1947), Copeland’s (1947) suggestion 
of Pteriod ancestry of Ceratopteris and Cope- 
land’s (1947) and Stokey’s (1951) opinions that 
the later has close affinity with Cheilanthes 
group of ferns cannot be refuted. 

It is, however, difficult to say anything defi- 
nitely as it is extremely likely that there are 
different races of Ceratopteris siliquosa charac- 
terised by different chromosome numbers. 

The detailed study of the life-history of 
C. siliquosa is nearly complete and is expected 
to be published elsewhere. 

Grateful acknowledgement is made to the 
Ministry of Education, Government of India, for 
awarding me a Research Training Scholarship 
and my thanks are due to Dr. I. Banerji under 
whose guidance and encouragement this work 
has been carried out. 
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OCCURRENCE OF FOSSIL ALGA, 
PROBABLY ULOTHRIX, IN TERTIARY 
BEDS{OF MOHGAON-KALAN 
LOCALITY (M.P.), INDIA 


WITH the increasing discovery of algal specimens 
from the exposed Tertiary beds of the Deccan 
Intertrappeans at Mohgaon-Kalan, it is evident 
that fossil representatives of Chlorophyta occur 
in abundance. Most of the algal types which 
have been described so far belong to the group 
Chlorophyta (grass-green alge) and the present 
fossil alga is an addition to this group. 

A few filaments of Spirogyrites gen. nov., 
closely resembling the living Spirogyra, were 
reported for the first time from the above 
locality (Shukla, 1950), and this discovery led 
many students of palzobotany to study the 
algal flora of the same bed either with the 
help of peel sections or maceration methods. 
Maceration of a promising chert material from 
the Mohgaon-Kalan has yielded an excellently 
preserved fragmentary filament of Oedogonites 
gen. nov. closely resembling the freshwater 
alga Oedogonium in most of its characters 
(Dwivedi, 1959). 

A large specimen of chert sempeded to con- 
tain numerous petrified microfossils was sliced 
into many pieces of suitable size. One of the 
slices from the mid-region of the chert found 
to be the richest was selected for obtaining 
peel sections. Several such were obtained, cut 
into suitable size and mounted in Canada bal- 
sam (Dwivedi, 1959). One of the peel sections. 
when carefully examined, unexpectedly revealed 
excellent preservation of fragmentary and un- 
branched algal filaments. About 25 such 
broken filaments were counted (Fig. 1). Per- 
haps due to their soft nature, the filaments are 
fragmentary (Haupt, 1953) but they were found 
occurring as petrifactions which is supposed to 
be the best type of preservation (Jhonson, 1951). 
The fragmentary algal filaments are so charac- 
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teristic that these immediately remind us strongly 
of the freshwater alga Ulothriz. 


FiG. 1, A few fragmentary and unbranched algal fila- 
ments (A), x 300. 

F1G, 2. Three pieces of the algal filaments h'‘ghly 
magnified and showing nucleus (N) inside cells, x 1,200. 

The fragmentary algal filaments are un- 
branched and exhibit excellently preserved cell 
walls. The cells of the filament are joined end 
to end and are similar to the cells of the living 
genus Ulothriz. In a few cells the single 
neucleus-like body is visible (Fig. 2). The 
broad gelatinous sheath round the filament, 
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reported in some species of Ulothrix, is not 
seen in the cells (Smith, 1955). Probably the 
fossil alga is one of the forms where the gela- 
tinuous sheath is absent. The girdle-shaped 
chloroplast wi:h the pyrenoids, one of the 
important characters of the  sub-order 
Uloirichinz, however, is not preserved and thus 
not visible in the specimen. In none of the 
pieces of the algal filament, the rhizoidal basal 
cell, known as holdfast, is seen. This fact leads 
us to believe that all the 25 pieces of the fila- 
ment are from the distal end of the plant 
thallus. The present specimen is probably in 
the vegetative stage, no reproductive and asexual 
bodies being developed so far. 

The fossil alga resembles the freshwater 
alga Ulothrix in some characters. Some of the 
important characiers could not be studied due 
to imperfect preservation. It is probably one 
of the species of the existing genus Ulothrix 
where the gelatinous sheath is absent. With 
the discovery of the present fossil alga in the 
Tertiary rocks it becomes evident that mem- 
bers of the order Ulotrichales were also repre- 
sented in the early Tertiary beds (Eocene) 
which is supposed to be 60,000,000 years old 
(Sahni, 1934). 

The author wishes to express his deep sense 
of gratitude to Dr. M. R. Sahni, Panjab Univer- 
sity, for valuable suggestions and for going 
through the manuscript. 


Deptt. of Botany, 
T.D. College, 
Jaunpur (U.P.), 
June 22, 1959. 


J. N. Dwivepr. 


1. Dwivedi, J. N., Curr. Sci., 1959, 28, 285. 

2. —, Sci and Cult., 1959, 24 (10). 481-82. 

3. Haupt, A. W.. Plan? Morphology, McGraw-Hill 
Book Company, 1953, p. 5. 

4. Jhonson. J. H., Manual of Phvyerlogy, Edited by 
G. M. Smith, Waltham, Mass., U.S.A., Chapter 10, 
Fossil Algz, 1951, p. 193. 

5. Sahni. B., « wrr. Sci , 1934, 3 (4), 134-36. 

6. Shukla, V. B.. “Sriregyrit:s Gen. Nov.. Paleobotany 
ir India,” A Bulletin of Current Research, 1950, 


7, 29. 
7. Smith, G. M., Crvpto'amic Rotany. Algae and 
Fungi, McGraw-Hill Book Company, 1955, 1, 46. 


ON THE STRUCTURE AND MECHANISM 

OF THE SPIRACULAR REGULATORY 

APPARATUS IN THE ADULT CORCYRA 
CEPHALONICA STAINT. 


Tue spiracular regulatory mechanism plays an 
important role both in gaseous exchange and 
in diffusion of water vapour. The absence of 
this mechanism in Onychophora is one of the 
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limiting factors in their evolution and accounts 
for their restricted habitat.2 In contrast, most 
insects are able to control these two important 
processes by means of what is termed as 
“tracheal closing apparatus” which is situated 
at the primary or secondary tracheal orifice. 
It has been a legitimate supposition that the 
successful evolution of insects as a group of 
terrestrial organisms has been largely facilitated 
by the presence of tracheal closing apparatus 
which also helps in the conservation of water, 
so very necessary for the vital activities of 
living protoplasm.2.3 

There is a significant lack of literature on 
this subject of the spiracular morphology of the 
stored grain pests. The only relevant work is 
that of Abbott (1929) who made a study of the 
spiracles of two species of weevils. The pre- 
sent communication aims at giving the details 
of the functional morphology of the spiracles ot 
Corcyra cephalonica Siaint. 

Nine pairs of spiracles occur in this species. 
They are similar in their structure and mechan- 
ism, with, however, a slight variation in the size 
of their atria. Thoracic spiracles are larger than 
the abdominal ones. The first pair of spiracles 
is situated in the intersegmental membrane just 
behind the pronotum. The abdominal spiracles 
occur on the edges of the tergites. 

Each spiracle is surrounded by a bean-shaped 
peritreme, from which arise minute hairs 
directed against the spiracular opening (Fig. 1). 


Fic. 1. Prothoracic spiracle, external view. Surround- 
ing membrane is not shown. 

Fic. 2. Diagrammatic sect’onal view of the 4th abdo- 
minal spiracle to show the closing mechanism. 

a—anterior; ~—posterior; d—dorsal; v—ventral ; 
A-~atrium; A&—bridge ; D—elastic bend; DM—dilator 
muscle; #—membranous fold; Z—lever; O~spiracular 
opening; OM —occlusor muscle; peritreme; 
7—trachea. 
These hairs extend for a short distance inside 
the atrium and thus serve as a filter mechanism. 
The walls of the atrium are sclerotic and form a 
cup-like cavity below the integument. A part 
of the atrial wall is more thickened and forms 
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a base for closure, the bridge (B). A strong 
lever (L), which is flexibly articulated with the 
bridge, lies at the tracheal enirance. The head 
of the lever extends from one side in the form 
of an elastic band (D) round the remaining 
half of the tracheal tube opposiie the bridge, 
A closing muscle is composed of a number of 
parallel bundles of fibres. It is attached to the 
distal end of the lever and to the atrial wall 
near the bridge. A similarly shaped dilator 
muscle is inserted at the distal end of the lever 
and arises from a postero-ventral notch on the 
tergite. A second dilator muscle which is pre- 
sent in some Lepidoptera was not noticed in 
this species and is apparently absent. 

On contraction of the occlusor muscle the 
closure is effected as the free head of the lever 
and consequently the band is pressed against 
the bridge (Fig. 2). Opening is regained on 
relaxation of the occlusor muscle and simul- 
taneous contraction of the dilator muscle. The 
latter is antagonistic in action. Thoracic and 
abdominal spiracles do not vary in significant 
detail except that the latter have a shallow 
atrium. Judging from the anatomy, the closing 
mechanism seems to be hermitic. 

Acknowledgements are due to the Ministry 
of Education for the award of a National 
Research Fellowship during the tenure of which 
this communication was prepared. Thanks are 
also due to the Director, M.A.C.S. Laboratory, 
for the necessary facilities. 
M.A.C.S. Laboratory, 

Law College Buildings, 
Poona-4, June 5, 1959. 
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A PRELIMINARY NOTE ON PHAGE 
TYPING OF STAPHYLOCOCCI WITH 
PARTICULAR REFERENCE TO STRAINS 
FROM BOVINE UDDER ORIGIN* 


In India very little work ‘seems to have been 
done on Bacteriophage typing of S‘aphylococci 
particularly from that of bovine udder. Saxena! 
tested 54 bovine udder sirains, out of which 
only 30 were susceptible to phages. In other 
countries: most of the workers?-* found 80 tc 
95% bovine udder strains typable by bacterio- 
phage method ;.some of them‘ divided the 
strains into 4-5 phage types. Mac Donald,’ 
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Smith, Edwards and Rippon® reported phage 
42D to be most predominant having lyiic pro- 
perty on udder strains from England, whereas 
Seto and Wilson® and Mc Lean? found in U.S.A. 
and Australia majority of strains susceptible to 
phage 44A. Saxena,! Assa,5 and Wallmark and 
Thorne? concluded that phages used for typing 
human strains were in many cases not very 
suitable for typing animal strains. 

In the present report 63 coagulase positive 
strains (44 from bovine udder, 3 from caprine 
mastitis cases, 1 from sheep abscess and 15 
human strains particularly from milkers acting 
as normal carriers) and 17 coagulase negative 
strains (10 from bovine udder and 7 from 
caprine mastitis cases) were studied against 10 
standard phages (6, 42D, 42 E, 42F, 44, 52, 78, 
105, 107 and 111) obtained through the courtesy 
of Dr. Williams, Staphylococcal Reference 
Laboratory, Colindale, and Dr. Davidson, Central 
Veterinary Laboratory, Weybridge. The phage 
typing technique of Wilson and Atkinson!° modi- 
fied by Williams and Rippon!!! was followed 
using phages in the routine test dilution (RTD). 

Out of 44 coagulase positive bovine udder 
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It can be inferred from Table I that 
phage 78 showed least activity and 42F the 
most. In most of the cases phages 42D and 52 
showed weak reactions. Phages 6, 78, 44, 
and 111 showed only strong reactions, alihough 
the first 2 phages showed little activity on the 
whole. Phages 105, 107 and 111 showed equal 
percentage of strong reactions. 

Individual strains were generally attacked by 
several phages. Thus all the 40 strains (38 
bovine and 2 human) were lysed strongly by 
one or more phages. Of the 27 strains lysed 
strongly 7 were affected by a single phage. The 
number lysed strongly by 2, 4, 5, 6, 7 and 10 
phages were 2, 1, 4, 4, 7 and 2 strains res- 
pectively. 

The 38 bovine strains typable by phage 
method were arranged into 4 different phage 
types on the basis of reactions shown by them. 
Out of these 18-5% belonged to phage type 1, 
23-7% to phage type 2, 52-7% to phage type 3 
and 5-1% to phage type 4. Both the human 
strains were assigned different phage types. 
It is probable that other phage grov;.: ‘ight 
exist if large number of strains are studied 


strains 38 (86°4%) were typable. Except 2 which may throw more light. Other uniyp- 
TABLE I 
Frequency of occurrence of phage reaction Patterns among 40 strains 
No. of strains Phage patterns 
Sl. No. and - Phage types 
origin Strong reactions Weak reactions 
Bovine strains 
1 7 52/44/42D/42F/105/107/111 1 
2 4 44/421D/42F/105/107/111+ 
3 4 44/42F/105/107/111+ - 2 
4 1 42F/105/107/111+ ee 
5 4 52/42D/42F 
6 5 42F+ §2/42D 
1 52/42D/42F/105/107 
1 ee 52/421D/42F/107 3 
9 3 ee §2/42D/42F/105 
10 4 : ee 52 42D/105/107 
ll 1 42F+ 52/42D/105/107 
12 1 42F+ 52/42D, 105 
13 2 4 
Human strains 
14 6/44+ 5 
15 1 42D/42F és 6 


human strains, none of the coagulase positive 
strains from caprine, ovine and human sources 
was susceptible to any of the phages ; Similarly 
17 coagulase negative strains included in this 
study were also untypable. It is indicated 


from the results shown in Table I that the 
susceptibility of 40 typable strains varies from 
5 to 95% to individual phages. 


able strains required the help of extra phages 
for typing. 

The percentage of typable sirains and number 
of phage types are comparable with the results 
of other workers mentioned earlier. It is 
interesting to note that 100% typable strains 
from bovine udder origin were susceptible to 
a single phage 42F which is different from the 
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observations made in England, Australia and 
U.S.A. where phages 42 D and 44 A were reported 
occurring predominantly. 

The authors gratefully acknowledge the kind 
help of Dr. R. E. O. Williams and Dr. I. David- 
son for supplying the phages and the lat‘er also 
for confirmation of the results. 
Dept. of Pathology & 

Bac‘teriology, 

U.P. College of Veterinary Sci., 

& Animal Husbandry, 
Ma‘hura (U.P.), May 26, 1959. 


B. S. Matix. 
C. M. Srncu. 


* A portion of the thesis submitted by Sri. B. S. Malik 
to the Agra University for M.V.Sc. Degree. 
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EFFFCT OF GR4AFTING ON FRUIT-SET 
AND EMBRYO DEVELOPMENT IN 
CROSSES BETWEEN CORCHORUS 

OLITORIUS C. CAPSULARIS 

THE two important cultivated species of jute, 
Corchorus olitorius L. and C. capsularis L. have 
both the somatic chromosome number 2n= 14, 
nearly identical karyotypes and charac‘ers which 
can ideally supplement the needs of each other, 
but all’ attemp's to cross directly the two 
species at diploid or tetraploid level have sc 
far remained Ganesan et al.,? 
found that in crosses wi-h C.capsularis as the 
pistillate parent, the flowers dropped within three 
days after pollination, while with C. olitorius 
as ‘he pistillate paren: viable seeds cou!d not be 
obtained owing to ihe premature abortion of 
the young embryo a: the globular stage. 

We have tried various techniques during 
1957 and 1958 to make the hybrid embryo grow 
at least to the heart shaped stage so that the 
embryo can be excised and cultured artificially 
on a suitable medium. The techniques tried 
included smearing the ovary with various 


hormones, use of X-rayed pollen for crossing, 
using plants raised from irradiated seeds as 
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Parents and lastly, grafting the two species 
reciprocally and using the grafted plants for 
crossing. Among these, grafting gave some 
interesting resul‘s, which are summarised in 
this report, 

Simple cleft grafts proved successful and 
C. olitorius and C.capsularis were found to be 
grafi-compatible (Figs. 1 and 2). Reciprocal 


Fic. 1. C. oliturius g aited on C. capsulurts root stock. 

FIG. 2. C. capsularis grafted on C. oliturius root stock. 
crosses were done and fixation of the ovaries 
and s'yle was made at regular intervals after 
pollination. Micro‘ome sec‘ions were stained 
in iron-hematoxylin. Embryo and embryosac 
dissections were also carried out. The results 
of the s‘udy are given in Table I. 

From the data it is clear that firstly, graf‘ing 
while increasing the percentage of fruit se‘ting, 
did not lead to any marked improvement in the 
growth of the hybrid embryo when C. olitorius 
was used as the pistillate parent and secondly, 
in crosses with C.capsularis as the pis illate 
parent. there was a striking increase in the 
percentage of fruit-set. The ovules dissected 
between 13 to 16 days after pollination in 
crosses made with grafted plants as parents, 
had globular proembryos. However, the mature 
seeds were in all cases shrivelled and empty. 
The free nuclear endosperm failed to become 
cellular in all the crosses. On the other hand 
no hyperplasia or any other morphologically 
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TABLE I 
sini Frait-set State of development on different days after pollination 
7 1 7 10 15 20 35-40 
Crchorus olitorius selfel 10) Poliea tube Zygote Glo ular Enbryo at Embry2with Mature dicoty- 


or C. capsularis selied 


embryosac free 
nuc.ear 
C. cliteriusx C. capsularis  42+3 ” 
C. olitorius grafted om 
C. capsularis 
x C. capsularis 
C. capsularis X C. olitorius 5 
C. capsularis grafted 2 ” ” 


C. vliturius X C. olitorius 


enters the Endosperm pro-embryo torpeito stage weil differca- 


lelonous em »ryo 

Enadosperm Endosperm tiatel cotylelons surroandel by 

fiee nuclear cellular Endosper.n the enlosper.n 
celiular 


10-12 celled 10-12 celled 10-12 celled *Shrive'led seeds 


proembry>2 proembryo  proem»ryo with abortive 
Endo perm Endusp-zrm losperm emoryo aad 
free nuclear free nuciear free nuclear degen -rated 
endosperm 
” ” ” ” 
Empty ovules Empty 
shrivelled seeds 
Ovules with globular proembryos Empty 
shriveiled seeds 


*Cccasionally heart-shaped embryos were also observed. 


detectable abnormality was observed in the 
nucellus or integumen.ary cells. Since both the 
embryo and endosperm are of hybrid origin 
there may be a common cause for their inability 
to grow and differentiate normally. Ii seems 
probable that comp:imentary genetic lethals 
conirol the early embryo lethality in this cross 
and thus serve as the isolation barrier necessary 
to preserve the individual distinctness of the 
two species. Mechanisms such as chromosomal 
differentiation or geographical isolation conse- 
quently seem to have been unnecessary for this 
purpose. Hence, in addition to attempts to 
modify the physiological environment of the 
hybrid embryo by techniques such as grafting 
or using a ‘bridge’ species in the cross* or ovary 
and ovule culiure, it may be worthwhile trying 
to induce mutations that will inactivate the in- 
compatibility reaction. 

We are grateful to Dr. B. P. Pal, Director, 
and Dr. A. B. Joshi, for their interest in the 
study. Our sincere thanks are due to Shri 
R. D. Iyer and Shri K. L. Gupta for their 
technical assistance. 
Division of Botany, 
Indian Agri. Res. Inst., 
New Delhi-12, 

June 6, 1959. 


K. SULBHA. 
M. S. SWAMINATHAN. 
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CYTOLOGICAL OBSERVATION ON 
PERIPLANETA AMERICANA 


CyTOLocicaL data on Blattide are recorded by 
Stevens,! Wassilieff,? Morse,* Harvey,* Mat.hey,® 
Schrader,® Suomalainen.? The present siudy 
adds more information regarding meiosis of 
Periplaneta americana. 

The testes were fixed in Belling’s modification 
of Navashin’s mixture. Sections were cut at 
10-15 and stained in iodine crystal violet and 
Feulgen light green. 

Spermatogonial prophase nucleus are vacuo- 
lated with indistinguishable chroma!in threads, 
which are thinly scattered thoughout the 
nucleus with a litile more aggrega‘ion towards 
the periphery. Innumerable bipartite chro- 
matin dots with circular space around them 
are visible. The big heteropycnotic X-chromo- 
some is centrally or eccentrically placed often 
with the nucleolus. 

Resting cells at primary spermatocyte are 
Similar to the spermatogonial prophase except 
in its smaller size and comparatively dense 
heteropycnotic mass. 

Size-variation of X in the early spermatogonial 
and early meiotic cells are due to the as‘ociation 
of other heteropycnotic bodies wi.h it. A 
proportional decrease in the volume of X is 
viewed when other heteropycnoiic bodies are 
separated from it. 

Diplotene seems to be absent. The diakinesis 
is brief with a pronounced “pre-metaphase 
stretch”. Chiasmata cannot be detected in any 
one of these stages. The orientation of the 
homologous pairs simulate a true picture of 
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terminalization of one or chiasmata. 
Taking an indirect view of the existence of 
chiasmata a mean frequency and terminaliza- 


Fics. 1-10. Fig. 1. Spermatogonial metaphase. Fig, 
2. Spermatogonial anaphase. Fig. 3. Leptotene boquet. 
Fig. 4. Second polarization. Fig. 5. Late pachytene. Fig. 6. 
Premetaphase stretch. Fig. 7. Metaphase I, polar view. 
Fig. 8. Metaphase I, side view. Fig. 9. Metaphase II, 
polar views. Fig. 10. Early spermatid. 


tion coefficient in diakinesis and metaphase are 
given below : 


Total Total $2 
= 
Diakinesis « il 174 149 0-86 15-82 
Metaphase a | | 340 319 0-94 16-19 


The first division is reductional for the sex 
chromosomes. Second division metaphase plates 
having 16 and 17 elements without or with X- 
chromosomes respectively are found in equal 
proportion. The division is equational. 

Each early spermatid contains loosely sparsed 
and feebly stained chromatin matters with an 
eccentrically placed heteropycnotic X-chromo- 
some. 

The author is indebied to Dr. J. C. Saha, 
Professor of Biology, Medical College, Pondi- 
cherry, for his encouragement. Acknowledge- 
ment to Miss C. V. Gracy for technical 
assistance. 
Department of Biology, 
Medical College, 
Pondicherry, July 9, 1959. 
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FEEDING HABIT OF SUGARCANE 
SCALE (TARGIONIA GLOMERATA 
GREEN) 


THE noie relates to the study of the feeding 
habit of the sugarcane scale, Targionia 
glomerata Green through histological observa- 
tions on attacked sugarcane material. 

Portions of the heavily infested stem of the 
highly susceptible sugarcane variety Co. 745, 
were fixed in Carnoy’s fluid (Acetic acid-1; 
chloroforma-3 ; Absolute alcohol-6) for half an 
hour. Thin sections of the fixed stem were 
taken by means of a hand microtome, stained 
in safranin and mounted in Canada balsam 


3 
FIG. 1. Showing stylet probing towards the pith region. 
after dehydration through alcohol series. The 
sections were mounted under the microscope 
and the passage of the insects’ stylets through 
the tissues observed. 

The stylet consists of four chitinous filaments 
which are made into a tube-like structure for 
sucking food material. In the grown-up insects 


‘these stylets are long measuring up to 4-05 mm., 


the diameter varying from 4-2 to 5-34. It was 


‘observed that the stylets penetrates through the 
epidermis and go deep inside the stem almost 
‘near the pith region (Fig. 1). They make their 
way through the parenchymatous cells of. the 
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ground tissues and clearly avoid the vascular 
bundles (Fig. 2). They do not seem to pene- 
trate through the bundles. If the laiter happen 
to lie on their way, the siylets curve round 
the bundles and pass through the parenchy- 
matous cells. It would, thus, appear either 
that the insect does not like the food maierial 
contained in the vascular tissue or the stylet is 
not able to penetrate the hard lignified cells 
of the vascular bundles. This is not in agree- 
ment with the views expressed by Davidson,? 
Horsfall,2 Smith and Poos® and others, that 
sucking insects feed even on vascular tissues of 
the stem and leaf. Further, the entry of the 
stylet is noticed to be always intracellular. In 
the case of Aspidiotus hedere Vallot, an allied 
scale insect, Smith+ has also observed ‘the 
intracellular path of the stylets and their definite 
avoidance of the phloem cells in a species oi 
Cordyline. 


Fic. 2. Showing stylet clearly avoiding the vascular 
bundles. 

This tendency of the stylets probing into the 
parenchymatous cells of the ground tissue at 
the same time avoiding the vascular bundles 
would indicate that the insect sucks its food 
material from the parenchymatous cells, unlike 
Perkinsiella saccharicida! Kirk. which draws 
its food material from. the phloem tissues. 

The authors are thankful to Dr. N. R. Bhat, 
Director, for his useful suggestions during the 
work. 


Sugarcane Breeding Inst is R. A. AGARWAL. 


Coimbatore-7, Durca P. SHARMA. 
July 9,. 1959. P. 
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A VARIETY OF BACILLUS MEGATHA- 
RIUM CAUSING GERMINATING 
A 


Durinc efficiency tesis of some strains of 
Rhizobium from pea (Pisum sativa var. bonne- 
ville) seeds, treated with mercuric chloride- 
alcohol for surface sterilisation, failed to ger- 
minate in an incubator at 30°C. The seeds 
were at first seen to be covered with a gummy 
mass and then to disintegrate completely due 
to rotting in a short time. On examinaiion, 
they were observed to contain an organism, 
which appeared to be a variety of Bacillus 
megatharium. The characteristics of the 
organism are described below : 

Aerobic, capsulated, highly motile rods in 
short and long chains, having several granular 
bodies in each cell, spore-former, vegetative 
cells: 0-92-1-54u x 3-08-6-164; spores: 0-77- 
1-08 x 1-54-2-774, no swelling of the mother 
cell, gram positive with a tendency towards 
gram variability, whitish rhizoid colonies on 
nuirient agar, dry whitish growth on potato, 
rapid growth at 30°C., production of acid but 
no gas from sugars, reduction of nitrates to 
nitrites and ammonia, liquefaction of gelatin, 
V.P. negative, diastase positive, indol negative, 
peptonisation and acidity in milk, utilisation of 
citrate as sole source of carbon, active ammoni- 
fication. 

The organism differed from Pseudomonas 
seminum (Cayley, 1917), a seed-borne organism, 
affecting germination and growth of pea (Elliot, 
1951) in its capacity to hydrolyse starch, and 
from common B. megatharium in its ability to 
reduce nitrates to nitrites rather freely (Breed, 
Murray and Smith, 1957). Apart from pea, 
the organism affected the germination of 
khesari (Lathyrus sativus), sunnhemp (Croto- 
daria juncea, methi (Trigonella Fanum- 
lucerne (Medicago sativa), berseem 
(Trifolium alexandrinum) and maize (Zea 
mays), but could not affect gram (Cicer 
arietinum). Rotting of the seeds, could be pre- 
vented only by carrying the germination in 
cold and by = the seeds in unsterilised 
soil. 


Indian Agri. Res:, Institute, K. G. Gupta. 
New Delhi, ABHISWAR SEN. 
July 10, 1959. R. B. Rewari. 


Cayley, Proc. Roy. Soc., 1917, 86 B, 171-73. 

Elliot, Manual of Racterial Plant Pathogens, Wal- 
tham, Mass, U.S.A., 1951, 87. 

Breed, Murray and Smith, Bergy’s Manual of 
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REVIEWS 


Modern Geometrical Optics—Pure and Applied 
Mathematics. Vol. VIII. By Max Herz- 
berger. (Interscience Publishers, New York), 
1958. Pp. xii+ 504. Price $ 15.00. 


With the rapid development in the manufac- 
ture of precision optical instruments, the need 
has arisen for a comprehensive and authorita- 
tive book on the theory of lenses and op.ical 
systems which will be useful not only to the 
designers who make them but also to the re- 
search workers who use them. The author, 
Max Herzberger of Eastman Kodak Company, 
is well known in this field and every chapter 
in the book bears testimony to the years of 
experience that lie behind the writing. 

The book is divided into eight parts with 
divisions of chapters which develop the sub- 
ject of theoretical lens technology in a syste- 
matic manner, deriving and recasting the for- 
mule in a form suitable for use with the 
modern high speed electronic computers tc 
obtain the data required by the designers. 

Part I deals with the methods of ray tracing 
through different types of optical systems. 
Part II deals with Gaussian optics whose laws 
are strictly applicable to axial rays: the devia- 
tions of these laws for actual rays constitute 
the conventional aberrations. Part III is of 
great theoretical interest as it deals with the 
most important discovery in geometrical optics, 
namely, the Hamilton equation which contains 
implicitly all the laws of optical image forma- 
ticn. and can be adapted to any special problem. 
As we pass from single ray tracing through an 
optical system, to tracing a manifold of rays, 
Hamilton’s equation becomes of particular 
significance. According to this the laws of 
image formation by an optical system can be 
expressed through a single characteristic func- 
tion, the Eikonal function. The remaining parts 
of the book deal with some of the rigorous laws 
of image formation, the third and fifth-order 
image-error theory and the methods of drawing 
and analysing “spot diagrams” which give a 
record of the distribution of light over selected 
image planes and are of great significance in 
lens design. 

The mathematical methods, some of them 
new, which are used in the book are explained 
in the appendix in a way easily understandable 
to the practical designer. It contains a chapter 


on vector analysis and one dealing with matrices, 


— 
— 


least squares, Gaussian brackets and poly- 
nomical approximations. 

A numerical example of tracing of skew 
rays, astigmatism and asymmeiry through a 
simple lens in air, is given as the last chapter 
of the Appendix. The problem looks apparen.ly 
easy, but a glance through the fourteen pages 
of the chapter shows the formidable amount of 
calculation involved (simplified though by 
electronic computers) with figures to seven 
places of decimals, and the reader is left to 
wonder whether after all designing lenses is 
not more of an art than a science. 

The book ends with an interesting historical 
chapter in which are mentioned the con:ribu- 
tions to the science of geome:rical optics of 
Rene Descartes, Huygens, Newton, Hamilton 
and Gullstrand. There is also an extensive 
bibliography. 

From the students’ point of view, the title may 
be somewhat misleading. It is not intended 
to be a text-book, but fulfils the special need 
of those who are interested in the problems of 
geometrical optics in general and in the design 
of lenses in particular. 

A. S. G. 


Philips Technical Library: (1) Multivibrator 
Circuits, by A. H. Bruinsma, 1959. Pp. 65. 
Price Rs. 5-00.; (2) Practical Robot Circuits. 
by A. H. Bruinsma, 1959. Pp. 125. Price 
Rs. 12-00. (India: Philips India Ltd. 
Calcutta-20.) 


The so-called multivibrator, in its simplest 
form, is a two-stage amplier whose output is 
connected to the input and has several modi- 
fications. The output voltage of the multi- 
vibrator is a square wave whose width, ampli- 
tude and shape are controlled by the circuit 
elements. Sharp triggering pulses often called 
spike voltages can be derived by differentiating 
the square wave with an R.C. network. These 
have wide applications in fast electronic switch- 
ing and pulse techniques. Among the variations 
of multivibrator circuits, monostable and bistable 
circuits have important applications, Much 
use is made of the latter circuit in binary elec- 
tronic counting. The publication under review 
brings within its fold a practical discussion of 


the fundamentals of the so-called free running 


multivibrator and several of its modifications 
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mentioned above. Use of pentodes in multi- 
vibrators is treated at some length. The 
reviewer warmly recommends this publication 
to those who are in search of a simple but pre- 
cise introduction to multivibrator circuits. 

The second publication under review is 
devoted to a description of two robot systems 
developed as demonstration models, the one 
resembling a dog capable of imitating to some 
extent its living counterpart when stimulated 
by an external agency, and another stationary 
robot capable of reasoning to the extent of 
playing the simple game of noughts and 
crosses. A double photoelectric cell with the 
associated circuits providing stereoscopic vision, 
stereophonic microphone circuit for hearing, and 
an acoustic radar system for sensing objects 
constitute the principal electronic organs of the 
robot animal. The elecironic brain circuits 
incorporated interpret the stimuli received from 
these and order the action elements which are 
in this case motors to function as demanded by 
the situation. The concerned circuits and the 
fundamental principles of their operation are 
discussed with numerous illustratiens. The 
mechanical aspects of the design of the robot 
are described. Under the title “Electronic 
Intelligence”, the second mentioned robot is 
discussed. Starting with the analysis of the 
game, the chapter passes on to a description of 
the robot and how it plays the game. Since 
multivibrator circuits are made use of frequently 
in the two robots dealt with, the author’s publi- 
cation on ‘Multivibrator Circuits’ reviewed 
above would serve as a useful introduction. 
The book is highly interesting and will suggest 
to the seeking mind, numerous other applications 
of the circuits described. 

A. J. 


A Course of Pure Mathematics. Tenth Edition. 
By G.H. Hardy. (Cambridge University 
Press), 1958. Pp. xii+ 509. Price 22sh. 6d. 
net. 

A Course of Pure Mathematics by G. H. 
Hardy has established itself as a siandard 
text-book for students of the honours level for 
a long time and is such a popular book that it 
hardly needs any introductory review. The 
present volume is a paper bound tenth edition 
of the book, the appearance of the first edition 
being in the year 1908. Much progress has 
been made in the subject since the book was 
first published and Analysis is now being 
steadily dominated by ideas of Measure Theory 
and Topology. The book, however, has a 
charm and vitality of its own and its usefulness 
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to University students still remains undimi- 
nished. The present edition of the book will be 
warmly welcomed by all. 

Vv. 


Potential Theory of Unsteady Supersonic Flow. 
By J. W. Miles. (Cambridge University 
Press, London N.W. 1), 1959. Pp. xii+ 220. 
Price 45 sh. 


The present monograph is one of the first 
attemp:s to survey the scatiered literature 
that has grown during the last decade or sv 
in the field of the application of the potential 
flow theory to the prediction of sxrodynamic 
forces acting on thin wings and slender bodies 
in uns:eady supersonic flight. The investiga- 
tion of unsteady aerodynamic phenomena be- 
comes increasingly important as we approach 
supersonic speeds. This mcnograph, therefore, 
will be specially valuable to those engaged in 
research in unsteady flow and to aerodynamicists 
concerned with stability and flutter problems. 

After discussing the basic equations of un- 
steady potential flow in their exaci and approxi- 
mate forms, the author develops the available 
methods of solution and applies them to super- 
sonic wings, slender bodies and wing-body 
combinations. The author has included in the 
present monograph the interesting non-linear 
form of the “Pision theory” for hypersonic 
problems developed by Lighthill in 1953. 

Both harmonic as well as transient motions 
have been considered to illustrate the principles 
of unsteady aerodynamic phenomena. 

The bibliography which’contains over 360 
references will be valuable to research workers. 

S. DHAWAN. 


Tube and Semiconductor Selection Guide, 
1958-59. Second Revised Edition. Ccmpiled 
by Th. J. Kroes. (Philips Technical Library.) 


This volume lists together all electron tubes 
and semiconductor diodes and _ transistors 
available in the market, that fall within the 
Philips manufacturing range or which can be 
replaced by equivalent Philips types. All these 
are put into seven ca‘egories and dealt with in 
separate sections: tubes for radio receivers and 
amplifiers, cathode ray tubes, transmitting 
tubes, tubes for microwave equipment, indus- 
trial tubes, miscellaneous tubes and semicon- 
ductors. The sections follow a uniform pattern 
of presen‘ation, comprising a table that gives 
information on direct or near equivalent of the 
types listed, a table of preferred types for 
varied functions, tables that group the tubes 
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according to their most important properties, 
a table for replacement purposes, a guide for 
replacement of obsolete types, data on tube 
bases and sockets and details of tube designa- 
tion systems. 

In addition to the commonly encountered 
tubes, there are listed a variety of special tubes 
in the various categories, such as tuning indi- 
cators, secondary emission tubes, radar and 
television tubes, flying spot scanners, image 
orthicons, ignitrons, photo-sensitive devices, 
radiation counters, thermocouples, trigger tubes, 
etc. The wide range covered is typical of the 
Philips organisation, which, by its scale of 
operations, ingenuity and skill, has become a 
world-leader in the design and construction and 
use of electron tubes. 

The aim of this compilation is stated to be 
‘to enable the user of electron tubes to deter- 
mine quickly which tube is to be preferred in 
the case in question’. This volume will admir- 
ably serve this purpose. It has an additional 
interest in this country, in view of the collabo- 
ration with Philips that has been set in 
motion, with the object of laying the founda- 
tion for the electron tube industry in India. 

S. SAMPATH. 


Antibiotics Annual 1958-59. Edited by Henry 
Welch, Ph.D. and Felix Marti-Ibanez, M.D. 
Medical Encyclopedia Ins., New York, N.Y. 
Distributed outside U.S.A., by Interscience 
Publishers Inc., New York, N. Y. Pp. xvii + 
1107. Price $12.00. 

This is the record of the Proceedings of the 
Sixth Annual Symposium on Antibiotics held 
on October 15-17, 1958, in Washington, D.C. 
Though most of the 180 papers are from U.S.A., 
there are contributions from 14 other countries. 
We find one from Peru and we hope that soon 
there would be papers “from China to Peru” 
embracing the whole worid where “antibiotics 
culture” is holding sway. The antibiotics dealt 
with are: penicillin V, spiramycin, tetracycline- 
oleandromycin combination, erythromycin pro- 
pionate, ristocetin, leucomycin, triacetyloleandro- 
mycin, actinobolin, streptovitacin A and B, 
vancomycin, kanamycin, etc. The long acting 
sulphonamides, nitrofuranes and quaternary 
compounds have also got into the company of 
the antibiotics. The two Panel Discussions 
“The current status of erythromycin, kanamycin, 
novobiocin, oleandromycin, istocetin and 


vancomycin with particular reference to their 
use in staphylococcal diseases” and “Causation, 
prevention and control of staphylococcal diseases 
in hospitals” are of interest. The symposium 
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being held 30 years after the discovery 
by Fleming and 10 years after the broad spec. 
trum antibiotics, there was an interesting histori- 
cal session where some of the makers of the 
modern antibiotic era had their say in retros- 
pect. These 44 pages constitute interesting 
reading. Marti-Ibanez rides the “winged 
Pegasus” himself in his characteristic vein and 
sets us thinking about “how antibiotics might 
have changed the course of history” had they 
been available to Henry VIII, Charles V and 
Lenin! Florey dispels “many myths and dis- 
tortions” spun around penicillin. The reviewer 
cannot agree that his not patenting of the pro- 
cess of extraction of penicillin by the Oxford 
group was a “cardinal error”. Waksman says 
the bitter truth about those who describe “each 
fresh culture....and a fresh isolate as a new 
species” that it is “scientifically inaccurate, 
logically unsound and hardly proper from any 
point of view”. Keefer pleads for more funda- 
mental researches; “the usefulness of useless 
knowledge must never be overlooked” is sound 
advice to those who cannot see beyond their 
noses. The words of Dowling “The history 
of the broad spectrum antibiotics reveals no 
Single hero. It is the history of many men and 
women thinking together, planning together, 
working together, studying, communicating and 
achieving together” should be inscribed at the 
entrance of the Antibiotics Institutes. 

The Antibiotic Annual has become an indis- 
pensable companion to all those interested in 
antibiotics. 

K. GANAPATHI. 


The Uterus. (Annals of the New York Aca- 
demy of Sciences, Vol. 75), 1959. Pp. 385- 
1040. Price $7.00. 


Many facets of the physiology of uterus and 
endocrinology of reproductions still remain an 
enigma. The application of newer techniques 
and the concerted efforts of scientists of numer- 
ous disciplines, particularly the biochemists 
during the last two decades, while advancing 
our knowledge of human reproduction has 
posed many new problems. To obtain effective 
leads for further investigation, a reappraisal of 
the present status of our knowledge has now 
become essential. 

This voluminous monograph on uterus dealing 
with such diverse topics as historical and 
morphogenetic considerations, biochemistry and 
histochemistry, problems in uterine tumours, 
blood coagulations in pregnancy, aspects of 
gravid uterus, uterine contractions, menstrua- 
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tion and menstrual disorders, structural anc 
functional aspects of the placenta and evalua- 
tion of non-steroidal ovarian hormones has 
admirably fulfilled this objective though in the 
limited field of uterine physiology. 

The significant role of relaxin ‘a non-steroidal 
ovarian hormone’ in pregnancy and parturi- 
tion, the influence of placental hormones on 
foetal development, Electrohysterography and the 
quantitative analysis of amniotic fluid in unra- 
velling the nature of contractility in pregnant 
uterus, the complex and dynamic muscular, 
vascular and fluid mechanisms utilized by the 
gravid uterus, mechanism involved in the fibrino- 
genopenic accidents of pregnancy and delivery, 
the application of histochemical techniques 
for enzyme determinations of placenta and 
malignant endometria are some of the salient 
features lucidly discussed in this monograph. 

M. 


Some Aspects of Food Technology in India. 
Edited by H. A. B. Parpia, R. C. Bhutiani, 
K. L. Radhakrishnan, A. N. Sankaran and 
B. V. Subbarayappa. (Central Food Techno- 
logical Research Institute, Mysore-2), 1959. 
Pp. viii + 160. . 


The publication under review was brought 
out by the CFTRI, Mysore, on the occasion of 
the F.A.O. Regional Seminar on Food Techno- 
logy for Asia and the Far East which was 
held at the institute from August 1-8, 1959. 
It is essentially a compilation of the contribu- 
tions made by the members of the CFTRI in 
the field of food science and technology and 
gives a broad survey of the results of investi- 
gations with which the Institute has been 
actively engaged in recent years. Among the 
topics presented in the publication are Rice 
Substitutes, Insect Infestation in Stored Food- 
stuffs, Fish Technology, Chemistry and Techno- 
logy of Fruit Products, Dehydration of Vege- 
table and Animal Foods, Storage Techniques, 
Processed Protein Foods, Spices and Aromatics 
in Indian Dietary, Researches in Coffee and 
Tea. 

The chief object of this publication is, as 
pointed out in the Prefatory note by the Direc- 
tor of the Institute, to bring to the notice of 
the delegates from other countries attending the 
Seminar certain aspects of scientific and techno- 
logical work which if adequately developed 
would be of value to those countries which 
are similarly placed as India. There is no 
doubt that this informative monograph more 
than adequately fulfils the above object and it 
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will serve not only as a reference but also as 
a guide to those who have programmes of work 
to solve similar problems in food technology. 


Developmental Cytology, Sixteenth Growth 
Symposium. Edited by Dorthea Rudnick. 
(Ronald Press), 1959. Pp. v+215. Price 
$ 7.00. 


_The co-ordinated cellular differentiation in 
different directions during morphogenesis has 
intrigued biologists for several decades. It is not 
surprising, therefore, that the Sixteenth Sympo- 
sium of the Society for the Study of Develop- 


ment and Growth is centred round the problem 


of Cellular Differentiation. The title of the 
volume, Developmental Cytology is, as the 
Editor seems to be aware, slightly misleading, 
since the papers presented discuss only certain 
aspects of differentiation in cell types like 
Parameecia, Algw, Fern prothallia, Cnidoblasts 
of Hydra, chlorophyll containing tissues of 
normal and etiolated plants, salivary glands of 
insects and malignant tissues of vertebrates and 
man. The cell organelles discussed range from 
nuclei and chromosomes to chloroplasts, mito- 
chondria, endoplasmic reticula and michrosomes. 
The possibility of a heteroploid transformation 
and a concomitant shift to malignancy of normal 
tissues when grown in culture, reported by 
Hsu, and the role of the nucleus as supplying 
the starter molecules for later amplification by 
the cytoplasm suggested by Stich are interesting. 

The volume is attractively got up, but the 
lack of concordance between the text and the 
legend of Fig. 8 (p. 37) could have been 
avoided. The price of the volume is prohi- 
bitive for workers in India. 

M. K. SuBRAMANIAM. 
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Exploring the Structure of Matter. By Jean- 
Jacques Trillat. (George Allen & Unwin Ltd., 
40, Museum Street, London W.C.1), 1959. 
Pp. 214. Price 30 sh. 

A History of Embryology, Second Edition. By 
J. Needham. (Cambridge University Press, 
London N.W.1), 1959. Pp. 304. Price 
52 sh. 6d. 

The Vertebrate Story. By A. S. Romer. (The 
University of Chicago Press, Chicago-37; 
Cambridge University Press, London N.W. 1), 
1959. Pp. vii +437. Price 52 sh. 6d. 

Elements of Wave Mechanics. By N. F. Mott. 
(Cambridge University Press, London N.W.'1), 

~ 1958. Pp. ix +156. Price 15 sh. 
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Elements of Solid State Theory. By G. H. 
Wannier. (Cambridge University Press, 
London N.W. 1), 1959. Pp. vii+ 270. Price 
35 sh. 

The Clonal Selection Theory of Acquired 
Immunity. By Sir M. Burnet. (Cambridge 
University Press, London N.W. 1), 1959. 
Pp. ix+ 208. Price 22sh. 6d. 

Utilization of Nitrogen and its Compounds by 
Planis. (Symposia of the Society for Experi- 
mental Biology, No. XIII.) (Cambridge 
University Press, London N.W. 1), 1959. 
Pp. vii + 385. Price 50 sh. 


The Temperature of British Fish during Distri- 


bution in Summer. (Torry Research Station— 
Paper 1). By G. H. D. Burgess, R. M. Cock- 
burn, C. L. Cutting and W. B. Bobb. (Depart- 
ment of Scien‘ific and Industrial Research, 
5-11, Regent Street, London S.W. 1), 1959. 
Pp. iv+54. Price 3sh. 6d. 
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Human Nutrition and Dietetics. By Sir Stanley 
Davidson, A. P. Meiklejohn and R. Passmore, 
(E. & S. Livingstone Ltd., 16-17, Tevist Place, 
Edinburgh), 1959. Pp. xii + 844. Price 84 sh. 

Elementary Statistics with Applications in Medi- 
cine and the Biological Sciences. By F. E. 


Croxton. (Dover Publications Inc., New 
York-15 N.Y.), 1959. Pp. vii+ 376. Price 
$ 1.95. 


Evolution of Nervous Control from Primitive 
Organisms to Man. Edited by Allan D. Bass, 
(American As‘ociation for the Advancement 
of Science, Washington D.C.), 1959. Pp. vii + 
231. Price $5.75. 

Lectures in Applied Mathematics, Vol. 1. (Prob- 
ability and Related Topics in Physical 
Sciences.) By Mark Kac, G. E. Vhlenbeck, 
A. R. Hibbs and B. Vander Pol. (Interscience 
Pub., New York-1), 1959. Pp. xiii + 266. 
Price $ 5.60. 


SCIENCE NOTES AND NEWS 


Central Botanical Laboratory, Allahabad 


Dr. G. S. Puri succeeds Dr. E. K. Janaki 
Ammal as the Director of the Laboratory. 


Award of Research Degree 


The Annamalai University has awarded the 
Ph.D. Degree in Chemistry to Mr. R. Varadachari 
for his thesis entitled “Synthesis and Ultra- 
violet Absorption Spectra of Some Sulphoxides 
and Sulphones”. 


UNESCO Regional Training Courses 


A regional training course on the use of 
Radioisotopes in agricul‘ural research, organized 
jointly by the Ministry of Food and Agricul- 
ture, Government of India, FAO, International 
Atomic Energy Agency and UNESCO South Asia 
Science Co-operation Office, will be held at the 
Indian Agricultural Research Insti-ute, New 
Delhi, from 20th January to 17th February 1960. 

The syllabus of the course will deal with the 
role of radiation in cy‘ology and genetics, r lio- 
isotcpe techniques as applied to probler ; in 
soil fertility, fertilizer application and plant 
biochemistry and radiation as a protective .gent. 
A maximum of 25 participants will be ac aitted 
to the course. 

A regional training course on ‘High Vacuum 
Techniques’, sponsored jointly by the National 
Physical Laboratory, New Delhi, and the 


UNESCO South Asia Science Co-operation 
Office, will be held at the National Physical 
Laboratory, from 18th Januuary to 12th February 
1960. 

The syllabus will relate especially to the 
developments in high vacuum techniques in 
science and industry during the last 20 years. 
The course will be directed by Prof. A. L. 
Reimann, Research Professor of Physics, Univer- 
sity of Queensland, Brisbane (Australia), who 
will be assisted by Dr. J. H. Leck of Liverpool 
and members cf the NPL staff (New Delhi). 
A maximum of 20 participants will be admit‘ed. 

Enquiries about the train‘ng courses should 
be addressed to the UNESCO South Asia 
Science Co-operation Office (SASCO), 21, 
Curzon Road, New Delhi, India, of the Indian 
National Commission for UNESCO, Ministry of 
Education, Government of India, New Delhi. 


Improved Grain Storage Structure for Village 
Conditions 


Mes:rs. S. Pradhan, P. B. Mookherjee and 
G. C. Sharma, Division of Entomology, Indian 
Agricultural Research Institute, New Delhi, 
write: It is the common practice in villages to 
store grains in earthen structures. However in 
this type of storage the grains are often found 
to be infested with insect pests. It is found 
that the s‘orage effect is improved if the mud 
wall of the structure is built with a thin sheet 
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of poly-hene (0-007” thick) inserted in the 
middle. The idea behind this sandwiching of 
the polythene film within the body of the wall 
is to combine the mechanical strength of the 
mud wall with the more effective impervious- 
ness of poly.hene to vapours and gases. 
Further this method keeps the polythene film 
safe from mechanical strains and abrasion 
injuries which weuld result if it is used as an 
inner or outer lining. 

Results of comparative observations show that 
freshly harves.ed wheat stored in the pclythene- 
reinforced structure remained in excellent con- 
dition from July 1958 to April 1959, whereas 
that stored in the ordinary earthen structure 
for the same period was found to be 90% 
infested by Calandra oryze. In another trial 
wi‘h 23 maunds of wheat each stored for the 
fame period in the two structures, after one 
initial fumigation wi h carton tetrachloride, the 
grain in the polythene storage remained in good 
condition, while that in the other was found 
infested over 16% by Rhizopertha dominica. 

Also preliminary experiments have given 
indications that even when introduced, the four 
principal storage pests (Calandra oryze, Rhizo- 
pertha dominica, Tribolium castaneum and 
Trogoderma granaria) are not in a position to 
breed well in this improved type of storage 
structure. Studies on the moisture content of 
wheat showed that it was less in the poly-hene 
structure storage than in the other. These 
observations were carried out with wheat having 
an initial mois!ure content of about 10% which 
subsequently rose up to 13% in some cases. 


Beneficiation of Minerals 


The Golden Jubilee Symposium on the 
“Beneficiation of Minerals” was held in the 
Department of General Chemistry of the Indian 
Institute of Science, Bangalore, on 28-30 Septem- 
ber, 1959. Mr. B. Rama Rao, Retired Director, 
Indian Bureau of Mines, inaugurating the sym- 
posium, surveyed the position of the mineral 
wealth in India and pointed out that the value 
of the mineral production, which was Rs. 7 to 
8 crores in the early part of this century, had 
risen to more than Rs. 100 crores at present. 
Also the number of minerals mined has inereased 
from half-a-dozen to more than 35. Mr. Rao 
then delivered his presidential address on 
“Beneficiation and Processing of Minerals with 
Special Reference to the Minerals of Mysore 
State’’. 

Earlier Prof. M. R. A. Rao welcomed the 
delegates to the Symposium. 

The subject-matter of the Symposium could 
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be broadly classified into (i) theory of grinding, 
(ii) flotation theory and practice with particular 
reference to sulphides, manganese ores, beach 
sands, gold tailings, uraniferous granite, (iii) 
heavy media and hydrocyclone methods in the 
beneficiation of pyrites and coals, (iv) phase 
separation methods for demineralisation of 
coals and graphites, (v) chemical methods 
including the theory and practice of chlorina- 
tion and (vi) miscellaneous subjects including 
the me‘hods of production of ferromanganese 
from ferruginous manganese ores, contact angle 
measurements in welding and microscopic 
petrography in beneficiation methods. 

On the second day of the Symposium 
Dr. C. C. Patel gave a lecture on recent 
developments in the beneficiation of minerals by 
gravity, magnetic, electrostatic and flotation 
methods. 


Bacterial Blight Disease of Rice 


Messrs. M. C. Srinivasan, M. J. Thirumalachar 
and M. K. Patel of the Plant ‘Pathology Labora- 
tory, College of Agriculture, Poona-5, write :— 

The bacterial blight disease of rice occurs 
in Bombay State on an extensive scale, often 
epiphytotic in restricted pockets. The disease 
causes considerable damage by inciting yellow- 
ing of the leaves and premature wilting. The 
plants are susceptible to infection at all stages 
of growth, depending upon the occurrence of 
predisposing conditions. The first stage of 
infection appears as a water-soaked, iranslucent 
streak on the leaf and leaf-sheath, 5-10 mm. 
in length. The streaks of:en coalesce with one 
another, appearing pallid white. Under humid 
weather conditions, bacterial exuda‘e may be 
seen on the infection spot as tiny whi‘e encrus- 
tations. 

The inciting organism is chiefly vascular. 
Attempts to isolate the bacterium in artificial 
culture on routine laboratory media were not 
successful and an enriched medium had to be 
devised for obtaining successful growth. Cul- 
tural studies have indicated that the organism 
is a strain of Xanthomonas oryze (Uyeda & 
Ishiyama) Dowson which is of slow growing 


type. 

Inoculation experiments were carried out to 
evalute the resistance in important commercial 
rice varieties and wild species of Oryza. Thir'y- 
two cultivated varie‘ies and eight wild rice 
species were inoculated under favourable condi- 
tions and host reaction was studied at various 
periods. Observations have indicated that while 
most of the cultivated varieties and Oryza Spp. 
were highly susceptible, only two of them 
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BAM-9 and MTO-15 showed some degree of 
resistance. 


Anthoceros punctatus in Bhopal 


Sri. O. N. Handoo, Botany Department, 
Government Hamidia College, Bhopal, writes :— 

A. punctatus Linn., a black-spored Anthoceros, 
grows commonly in hills of Delawari (Bhopal) 
in shade, somewhat sparsely, amidst grass, 
Notothylas indica Kash. and Riccia billardieri 
Mont. et N. It agrees closely with A. crispulus 
(Mont.) Douin but shows four tiers in the 
antheridial wall more distinctly. A.crispulus is 
a synonym of A. punctatus. 

Previously this species was reported from 
Assam (Chopra, R. S., Jour. Ind. Bot. Soc., 1943, 
22, 239 ; Kachroo, P., Sci. & Cult., 1952, 18, 284) 
and neighbourhood of Lucknow (Pande, S. K. 
and Bharadwaj, S. C., Jour. Ind. Bot. Soc., 1949, 
28, 15) and is new to Bhopal. It has not been 
collected from South India so far. | 


Effect of High Pyessures on the Infra-Red 
Absorption of Calcite 


Weir and his co-workers have studied the 
effect of pressures up to 30,000 atmospheres on 
the infra-red absorption spectra of calcite and 
other carbonates, with a specially constructed 
pressure cell using a pair of type-II diamonds 
as windows. Type-II diamond which combines 
high strength with excellent infra-red transmis- 
sion in the range 1» to 15 (except for a 
strong absorption band near 5) is found to be 
a suitable window material for absorption 
studies under high pressure. The substance is 
taken in the form of a fine powder (and diluted, 
if necessary, with KBr or LiF) and placed 
between the two small diamond flats in the 
Bridgman pressure squeezer apparatus. _ 

The results of detailed study show that under 
pressure, bands generally shift to higher fre- 
quencies and decrease in intensity. The mag- 
nitude of both changes depends on the mode 
of vibration. In calcite the carbon-oxygen 
symmetric stretching frequency ”, (= 1097 cm. —?) 
which is a prominent frequency in the Raman 
effect but forbidden in the infra-red, becomes 
active at elevated pressures and also shows an 
increase in intensity as the pressure rises. The 
doubly degenerate, asymmetric stretching fre- 
quency », (= 1463cm.~-!) splits into two com- 
ponents at 31,000 atm. showing a separation of 
103cm.-1!. This splitting is reversible and dis- 
appears when the pressure is lowered. The 
frequency »,(=748cm.~!) doubly degenerate, 
planar bending, also splits under pressure but 
this is less apparent. The ”, mode at 883 cm. ~! 
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is not degenerate and shows no tendency 
towards splitting. 

In the case of calcite these observed results 
may be explained by a shift of the CO,~ ~ ion 
from the trigonal axis under pressure—Jour, 
Research, 1959, 63 A, p. 55. 


Mirage and an Early Recorded Arctic Pheno- 
menon 


In an article on “The Optics of Mirages” which 
appeared in an earlier issue of this Journal 
(Curr. Sci., August 1959) Sir C. V. Raman has 
shown that the usual explanation of mirages 
based on geometrical optics does not really solve 
the problem, but that a correct and complete 
elucidation of all the facts observed in the 
production of mirages involves a rigorous treat- 
ment based on the principles of the wave-theory 
of light. 
but elegant wave-optics theory which explains 
in a natural way not only the mirages but also 
many other features which arise in their for- 
mation. 

The superior type of mirages mentioned in 
that article arise when the thermal conditions 
of the atmosphere are the reverse of those which 
give rise to the ordinary type, i.e., they are 
observed when the atmosphere rests on a cold 
level surface above which there lies a hot stra- 
tum of air. Objects at or near the level of the 
cold surface are usually visible to the observer, 
and in addition inverted images of them are 
also seen higher up in the atmosphere. 

Apropos Raman’s theory of mirages, the 
following observation of what is known as the 
“Novaya Zemlya Phenomenon” recorded by 
Gerrit de Veer, a Dutch Navigator, in 1598, will 
be of interest. We are indebted to the Royal 
Netherland Embassy in India for the informa- 
tion. 

The story is of Willem Barentsz and his 
little band of sailor-adventurers who set forth 
in 1596 on an expedition to discover the North- 
East Passage across the Arctic. During the ex- 
pedition the crew of Barentsz’ ship was forced 
to pass the winter on Novaya Zemlya. Out of 
parts of their ice-bound ship they built a 
house where they lived during the long Arctic 
night. Barentsz himself died during the home 
voyage in 1597, but as early as the next year 
a printed account of the voyage appeared from 
the pen of Gerrit de Veer, one of Barentsz’ 
companions. 

“On 24 January, 1597”, writes Gerrit de Veer, 
“it was faire cleare weather with a_ west 
wind. Then I and Jacob Hemskerche, and 
anether with vs went to the sea-side on the south 
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side of Noua Zembla, where, contrary to our 
expectation, I the first of all saw the edge of 
the sun ;—which has not been visible since the 
3rd of November—; wherewith we went 
speedily home againe, to tell William Barenis 
and the rest of our companions that joyfull 
newes. But William Barentsz, being a wise and 
well experienced pilot, would not beleeve it, 
esteeming it to be about fourteene daies too 
soone for the sunne to shin in that part of the 
world ; but we earnestly affirmed the contrary 
and said we had seene the sunne.” 

Further on in his account Gerrit de Veer 
reports three more occasions on which the sun 
was prematurely visible. 

J. W. van Nouhuys has recorded in 1918, a 
similar observation in the story of Shackleton’s 
last expedition (1914-17). 


Isotope Techniques in Water Survey 


The circulation of water is one of the most 
interesting of natural phenomena. The broad 
outline of this process is well known. Evapo- 
ration of water on the sea-surface and the 
eventual precipitation of the vapour follow a 
complete cycle that sustains life on the earth. 
The working of the cycle, however, is not quite 
uniform; the rate of precipitation varies from 
one region to another. 

At present, the pattern of circulation is known 
only in rough outline ; detailed information on 
a global scale is lacking. One of the most 
effective ways of gathering such information is 
to study the isotopic ratios of hydrogen and 
oxygen in water in different areas. The ratios 
vary for rain, river and ocean-water, and the 
variation has a relationship with the rate at 
which water circulates in nature. Water con- 
tains two stable hydrogen isotopes and three 
stable oxygen isotopes. In addition, very small 
quantities of radioactive hydrogen or tritium 
are added from outer space or as a result of 
reactions in the atmosphere brought about by 
cosmic rays or as a result of the testing of 
thermonuclear weapons. Tritium can serve as 
a tracer in the study of water circulation. 

A variety of information can be obtained by 
measurements of the isotopic composition of 
water. For example, by comparison of the 
tritium concentration of inflowing water with 
that of outflowing water, the average age of the 
water molecule in a lake can be deduced. 
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Again, tritium determinations can sometimes 
yield valuable information on the age of ground 
water and on the size of the ground water body. 

Looking to the importance of such investi- 
gations, the International Atomic Energy Agency 
has decided to initiate a study to determine the 
world-wide distribution of hydrogen and oxygen 
isotopes in water. Under this project, it is pro- 
posed to collect samples of rain, river and ocean- 
water in different parts of the world and carry 
out measurements through a world-wide net- 
work of sampling stations. The measurements 
will be interpreted by qualified experts with 
the object of assisting different countries in the 
evaluation of local data and in estimating the 
conditions of present and future water-supplies. 
—IAEA Bulletin, October 1959. 


Cobalt Irradiation Facility at the New Delhi 
Agricultural Fair 


An operating cobalt irradiation facility will 
be a feature of the U.S. Atomic Energy Exhibit 
at Amriki Mela in the World Agriculture Fair, 
which opens on December 11, 1959, in New 
Delhi. The pool-type irradiator will employ a 
5,000 curie radiocobalt source, shielded by 14’ 
of water. The radiation area is segmented so 
that any degree of exposure required is available 
within the limits of the source itself. Through- 
out the Fair, the facility will be used to irradi- 
ate seeds, plant cuttings, food and insects, as 
well as materials sent in by scientists elsewhere 
in India and South East Asia. Materials sent in 
will be irradiated free of charge and returned 
promptly by mail, a service which will serve as 
a considerable stimulus to atomic energy research 
in the area. 

The radiation laboratory will be staffed by 
both Indian and American scientists, who will 
co-operate on research projects developed in 
collaboration with the Indian Agricultural 
Research Institute and the Indian Atomic 
Energy Establishment. An interesting feature 
of the laboratory, from the standpoint of the 
lay audience, will be the eerie blue Cerenkov 
glow which will emanate from the depths of 
the pool and will be clearly visible in the 
specially-lighted exhibition chamber. . Material ~ 
that Indian Researchers’ wish to be irradiated 
should be sent to the Indian Agricultural 
Research Institute at Pusa, New Delhi. 


1080-59. Printed at The Bangalore Press, Bangalore City, by C. Vasudeva Rao, Superintendent, and 
Published by A. V. Telang, M.A., for the Current Science Association, Bangalore. 


All material intended for publication and books for review should be addressed to the 
Editor, Current Science, Raman Research Institute, Bangalore-6. 
Business correspondence, remittances, subscriptions, advertisements, exchange journals, 
eté., should be addressed to the Manager, Current Science Association, Bangalore-6. 
India: Rs. 12-00. 


Foreign: Rs. 16-00; £ 1-4-0; $ 4-00. 


|_| 
idency 
"esults 
~~ ion 
-Jour, 
heno- 
which | 
urnal 
n has 
rages 

solve 
iplete 
| the 
reat- 
1eory 

nine 

also 

for- 
d in 
tions 
hich 

are 

cold 
stra- 
' the 
ver, 

are | 
the | 
the 

by 

will 
yal 
ma- 

his 
rth 
‘th- 
ex- 
ced 
of 
otic 
me 
ear 
om 
ex’ 
est 
ind 


| 


| It’s a dozen test instruments in one! 
—the Adjustable Span 
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| Here's a recording potentiometer that is a real jack-of-all-trades (and master 
of each one) in any development or test laboratory. Just turn the dials, and in 
seconds, you can set it up for the exact range and sensitivity you want. You 
| don’t have to do any rewiring or changing of calibrating circuits. 

50-to-1 span adjustment. Millivolt span of the recorder is continuously 

variable over as much as a 50:1 range. Span adjustment is independent of zero 
setting. 

Variable zero suppression. Coarse and fine adjustment dials let you move 
the electrical zero point up and down scale, to concentrate recording on only 
the part of the span in which you're interested. Zero adjustment does not affect 
span setting. 

Sensitivity adjustment makes it easy to get the recording characteristics you 
want to match the span being used. 
Many optional features : you can choose from recording speeds of $, 1, 2, 44, 
12 or 24 seconds full scale... fully automatic, push-button, or solenoid-actuated 
remote or locally controlled standardization. 


BLUE STAR 


BLUE STAR ENGINEERING CO. (Bo:nbzy) PRIVATE LTD. 

| KASTURI BUILDINGS, JAMSHEDjI TATA ROAD, BOMBAY 1 

| Also at CALCUTTA, DELHI, MADRAS ’ PSBS-33/R 
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See this wet, see this dry 


A large part of any lab’s 
equipment consists simply of 
containers. Does one ask 

much of them? Mainly that they 
should be of the right size and 
be sensibly, stoutly built: 

two notable characteristics 

of PYREX. For PYREX 
production methods are 
large-scale, the range of items 
and sizes enormous. And 
PYREX are masters of designing 
and making really strong glass 
equipment. Small wonder 

that so many people 

with scientific work to do 
demand PYREX 


Pyrex desiccators 
—now available at new reduced prices— 


are made from the same borosilicate glass 
as other PYREX laboratory and scientific 
glassware. They therefore 

withstand thermal shock 

resist chemical attack 

have excepticnal hanical strength 
Rugged construction Their remarkable 
mechanical strength safeguards against 
implosion in vacuum work 
First-class vacuum retention A special 
high-vacuum model is also available 
Specially designed to give maximum 
available working space and ease of cleaning 


Pyrex reagent bottles 


and aspirators La bo rato ry an d 


Extremely wide range of sizes —from 5 ml. 
to 20,000 available promptly from stock 
Many different patterns: with or without 
stopper; narrow neck or wide neck; 

tubulated, or fitted with ground-in stopcock SC £ e n ti { C ass 
with interchangeable socket 

Great mechanical strength thereby 
considerably reducing replacement costs 


Obtainable from all main delears 


INDUSTRIAL SALES EXPORT DIVISION JAMES A JOBLING & CO LTD 
WEAR GLASS WORKS SUNDERLAND ENGLAND 
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MELTING POINT APPARATUS: (for mixed melting point) Manufactured at our own 
Faciory under Personal Supervision. 


The apparatus is for use when the melting 
point of two specimens and their mixtures must 
be determined simultaneously. It consists of a 
rectangular aluminium block with a built-in 
electric heating element and Horizontal cavity 
in which three glass capillaries and a ihermo- 
meter enter and are viewed through an 
adjustable lens, in front against a bright back- 
ground formed by a ground glass screen 
illuminated by a lamp. The aluminium block is 
lagged and enclosed in a box which together 
with the lamp and lens carrier is mounted on a 
common base. The iwo specimens and their 
mixture are placed adjacent to each other in the three holes controlled by a switch. The 
apparatus is supplied without thermometer and capiilaries. Total rating (heating and illumi- 
nation) 135 watis at 230 vol!s AC. 


CONTACT : 
UNIQUE TRADING CORPORATION 
221-SHERIFF DEVJI STREET 
BOMBAY-3 


Grams: *UNILAB” PHONE: 30011 


VERY RELIABLE INDIGENOUS SUBSTITUTES MADE IN INDIA 
OF GUARANTEED ANALYTICAL REAGENTS HIGH VACUUM 
a, MAY BE FOUND IN ROTARY PUMP 


SINGLE STAGE & TWO STAGE 


" BASYNTH - with or without Air Ballast 


Brand All Indian materials and construction 
ANALYTICAL REAGENT 


Acid Hydrochloric 
Acid Hydrochloric Fuming 
Acid Sulphuric 
Acid Nitric 
Acid Nitric Fuming 
Acid Acetic Glacial 
Ammonium Hydroxide 
Benzene 
Toluene 
Xylene 
Petroleum Ether 

: | Amy! Alcohol | BASIC & SYNTHETIC CHEMICALS 

Buty! Alcohol Ete., Ete. (PRIVATE) LTD. 
; Basic & Synthetic Chemicals (Private) Ltd. P.O. Jadavpur University, CALCUTTA 32 
P.O. Jadavpur University, Calcutta-32 
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LABORATORY 


GLASS APPARATUS Really Dependable Balance for Degree 
Classes and Research Laboratories 
Sensitiveness  1/10th mg. 
Capacity .. 200 gm. 
Sole Selling Agents : Catalogue on Request 
Manufactured by: 


GHARPURE & CO. | Keroy (Private) Ltd. 


P-36, ROYAL EXCHANGE PLACE EXTN. | 
CALCUTTA 1 1} BANARAS CANTT. tt CALCUTTA 10 


Gram: “ MEENAMO” Phone: 22-2061 1] "Calcutta Telephone No. is 24-3840" 


Loakonatony Manufacturers and Dealers in 
 PORCELAIN-WARES SCIENTIFIC GLASS APPARATUS AND 


EQUIPMENTS 
232 B, UPPER CIRCULAR ROAD 


MEGHNA CALCUTTA-4 


AMOUSTRIES- PRIVATE LiMiTED 
22, CANNING ST ,CALCUTTA-! Factory 55.1568 
GRAM ASCINCORP | RESIDENCE 55-2001 


CURR. SCI., NOVEMBER 1959 


| 
Own | Keroy | 
| 
ng | | th Short Beam 
he 
fo | Analytical 
iy | Balance 
an 
ck- | No. K1 | 
is 
her 
na 
eir 
Ihe | 
mi- | 
| | 
| 
| | 
| 
SIST MEGHINDUS — 
| A it 
| 
, = 


ELECTRIC OVEN 


TEMPO INDUSTRIAL CORPORATION 
(PRIVATE) LTD. 
Sonary Road, Paranjpe ‘B’ Scheme, BUMBAY-24 


PHONE: 35-2052 
TELE 35-4356 
lorams: JABAKHARA 


Director-in-Charge 
Dr. B. N. Dutta, M.Sc., D.Phil. 


Support Govt. Import Policy by Using 
Oster’s Products 


ACID SULPHURIC 

ACID HYDROCHLORIC 

ACID NITRIC 

AMMONIUM HYDROXIDE 
LABORATORY REAGENTS 
ANALYTICAL REAGENT ACIDS 
INDUSTRIAL CHEMICALS, Etc. 


. Works (Private) Ltd. 
78 B, Manicktolla Street 
CALCUTTA-6 
ESTD. 1922 


oe 
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LABORATORY GLASSWARE 


such as 


FLASKS, BEAKERS, CONDENSERS, 

MEASURING FLASKS, MEASURING 

CYLINDERS, PIPETTES & ANY 

SPECIAL APPARATUS MADE TO 
DESIGN 


and 


PENICILLIN VIALS, VACCINE BULBS— 
WHITE & AMBER 


ALL OTHER APPARATUS «. EQUIPMENT 
MANUFACTURED TO CLIENT'S DESIGN 


INDUSTRIAL & ENGINEERING 


APPARATUS CO. (PRIVATE) LTD. 


CHOTANI ESTATES, PROCTOR ROAD 
GRANT ROAD, BOMBAY 7 


Telegrams : TEZABALAYA Telephone: 35-3147 


We offer our services for G.R. quality acids 
with guaran‘eed test report as follows :— 


Acid Sulphuric, A.R. S.G. 1°84 


Container.......... Resistant Glass 
Non-Volatile matter .. 0-0025% 
Nitrate 
Chloride .. 0+0003% 
Arsenic .. 0°00007% 
Iron .. 0°0001% 


Heavy Metal (as Pb) 0002% 


Ammonium Hydroxide, A.R. S.G. 91-2 


Non-Volatile matter .. 0-002% 
Oxygen absorbed .. 0-0008% 


Chloride .. 0°0001% 
Sulphide a .. Passes Test 
Sulphate .. 0-0003% 
Carbonate 0°003% 
Iron 0*00001% 
Tarry .. Passes Test 
Arsenic 0-000005% 


Heavy Metal (as Pb) .. 0-00002% 


LUCKY ACID & CHEMICAL WORKS 
32/2, Muraripukur Road, CALCUTTA-4 


| 
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* BIOLOGICAL MICROSCOPES 
* DISSECTING MICROSCOPES 
* TRAVELLING MICROSCOPES 
* SPECTROMETERS 

* LABORATORY TELESCOPES 
* LENSES & PRISMS 


Manufactured by: 


INSTRUMENT RESEARCH LABORATORY LTD. 
309, Bowbazar Street, CALCUTTA-12 


GRAM: “INRELABTRY PHONE: 22-3060 


Balances for ...... 
SCHOOLS, COLLEGES, INDUSTRIAL LABORATORIES, 


Catalogues sent on request 


Manufactured by: 


SCIENTIA INDUSTRIES (India) PRIVATE LTD. 
34, Banerji Bagan Lane, SALKIA (Howrah) 
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Standard Ground Sections 
will answer many of your problems 


A modern laboratory should not do without this novelty; 
All components can be readily exchanged without 
trouble. This will permit for rational, rapid and 
economical execution of all laboratory tasks 


Standard Ground Sections are a speciality of VEB 
Glaswerke Stiitzer! ach/Thuringia, They are produced 
within the rights of the Trademark ‘‘ WESTGLAS”, 
WESTGLAS represents the collective experience of 
specialists. Glass-Apparatus with standard ground 
sections mounted after the assembly of prefabricated 
machine parts will offer many advantages to ease your 


jobs 

1. Ground construction elements that have proved 
good in practice can be assembled. 

2. There is a great variety of combinations. 

3. Fast exchange of components will be possible. 

4. Contaminated parts are easy to clean. 

5. No more need to carry a large assortment of parts. 

6. Parts can be readily stored. 

7. Stock piling of types is greatly reduced. 

8. In consequence rational and more economica- 
working condition. 

9. New ideas can be put into practice without any 


loss of time 


The apparatus represented by picture (great percolator 

cold percolation, continuous operation, variable filling 

quantities) is composed of cone-, sphere-, face- and 

cylinder type ground manufactured by VEB Glaswerke 
Stiitzerbach 


Our Agents 
MESSRS. PHARMA TRUST 
Keshav Baug, 114, Princess Street, Bombay-2 
are always ready to give further detailed information 
Glas-Keramik, Deutscher Innen-und Aussenhandel 


Berlin W 8, Kronenstrasse 19-194 
| German Democratic Republic 
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METABOLIC SHAKING INCUBATOR 


Designed for the shaken- 
culture techniques and 
other biological, bio- 
chemical and chemical 
reactions which proceed 
with greater speed and 
repeatability under 
mechanical agitation at 


constant temperature 


* Speed range 50 to 200 oscillations/min. 
* Stroke 4, 1 or 14 in. 

* Interchangeable sample racks. 

* Provision for controlled atmosphere. 


SHAKING ATTACHMENT 


A motor, incorporating speed control and mains 


* Accurate temperature control by 
compenstat. 

* Temperatures up to 100° C. 

* Stainless steel construction. 


WATER BATH 


A stainless steel bath 14 x b12 x 6)” deep, fitted with 

an external heater and slab insulation and mounted 

in a steel case finished in duotone grey stove 

enamel. Compenstat control (patent applied for) 

provides uniform conditions throughout the bath 
over the range ambient to 100° C. 


A GALLENKAMP & CO. LTD., 


switch, is mounted on one end of the bath and 
drives the sample carrier through a crank assembly. 
The carrier is fitted witn plastic wheels and rans on 
rails at each side of the bath. Interchangeable 
racks which fit in the carrier are available for the 
commonly used sample vessels. All components 
within the bath are of stainless stee) and are easily 
removable 


SUPPLY THE WORLD’S 
LABORATORIES 


LONDON, ENGLAND 


Accredited Agents: 
MARTIN & HARRIS (PRIVATE) LTD. 


SCIENTIFIC DEPARTMENT, 


SAVOY CHAMBERS, 


WALLACE STREET, BOMBAY 1 
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SOME VERY USEFUL EQUIPMENTS ..... 
THE STEEL INDUSTRY 


feitz New Metallographic Microscope MM 


(Chatelier Type) 


with combined built-in 6 Volts 5 Amp. low voltage lamp for visual and Xenon 

500 watt for projection and micro-photography,—a special projection unit 

equipped with a lens, offers the possibility to discuss details of a specimen in an 

undarkened room which is something new and its brilliancy unrivalled—with 

newly developed vartical illuminator which permits observations in brightfield, 
phase contrast and polarised light 


DILATOMETER 


For observing allotropic transformations, strain, growth of cast-iron, changes 
during hardening and tempering of steel; determination of carbon contents in 
steels, etc. 


is For particulars please write to: 
| Sole Distributors 
THE SCIENTIFIC INSTRUMENT COMPANY LTD. 
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